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1 

I^Etf>it*Wtt. RUx My Mn^ (M«Rh, P 
t, Pd, Au, Ag, R e:^^bjitt'nAc'>^j:< ifc 1 
1^x^30, l^y^SO. 69^z^9 
0, 10^x + y^3 1 (x, y, *3j;tXz O^felilS 

mmmmt^s o o on^ p pmar. mmmm-ni^s o o 

T. ii*2ig;:i>*5 0 0 Oig^ p pmiy,TT'ab?)tt^]gl 

[W*^3] tfri2fcf>±«)^(i, Rux RhvMn. 

(1^x^30, l^ySSO, 69SzS90, 10 
Sx + y^3 1 (x, y, *3J;Z>"z CD#<i(iM^ %) ) 

[|»*]«4] BfrBEe>it*Btt, Ru« Pt^Mn. 
(1^x^30, l^y^3 0, 6 9^z^90, 10 
^x + y^3 1 (x. y, *3j;afz ) 

[»*]S5] afilSfcf>±a6««, Ru, Mn, 
(MttRh, Ft, Pd, Au, Ag, Rei^^mitn 
fc'>fi< tfe 1ST'$>0. lSxS24, l^y^2 
4, 75^z^85. 15Sx + y^25 (x, y, 43 
J;C;z<DWiM^%) ) *^e>«fi)t$ns»*«l*fc 

2 X 1 — 8 X 1 0-e r g/cm^ "C 
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CoSfetiCo^S 01IM%iit±^tr-&^*^ 67^-5^1 
0«^attJl<h. (N i . Fe,_« ) y Co,-v (0. 7 
gx^O. 9. 0. 5^y^0. 8 (x*5<fcZ>'y CO^-K 

n, 

i-£nrc<i^t£ < i 1 a^^tfw***^ 5^-5S*« 9 izm 

(tt>}<Jii 2] mmmmm^t. n i f e-&^icR 

h, Cr, Ta, Nb, Z r *d J;t5H f W^"*^ ?)'>/j; < 
20 MIE^^iS'lt^)BB«, Ta, Ti, A 1 2 Oa ^fzUS 

[«^^i3] mmMi^^mm^t. mwmt, mm 

m<D-:fjcomizw^m-^nrz^m^mt. $^m^^mm<7) 
m:fs(^mizmi$.'^nrz&Lm^mt. mm^m^m<Dm.it 
30 ©iPi^^tf>±ise)-r-5fcje>(c^fiSttBo± 

i^^!Ee>±a6®^^. Ru^M^Mn, (MfiRh, P 
t, Pd, Au, Ag, Re*^6StStlfc^:i>;5:< tfel 
mxhO. 1^x^59. lSy^59, 40^z^5 
8, 4 2^x + y^6 0 (x, y, 43 iO.' z CD^fettM 

^. 

[»*]S14] l5flEtf>±se)«(i, ^0«lc-^*-$n 

40 5 0 0 0 is^ p p m«T. mmmm^ 5 0 

0 OM^p pmi^T, mn»mt)^5 0 0 Oi^^ p pmJUC 
T. «[«SKd^5 0 0 OHi^p pmEiTT-ab^W^Jll 

3 <.ztm<nmm.mmm^. 

mimi 5] mJfEfc;>ll:*Stt. RUx Rhv Mn 
z (1^x^59, l^yg5 9. 4 0gzg58, 4 
2^x + y^60 (x, y, 43J;Z>'z comfefiM^ 
%) ) *^?.«^«$n^W*«l 3$fc«tt*:fll 4izE 

[ffif*J«16] MEtf>itJi)»«. RUx PtyMn 
50 X (1^x^59, l^yg5 9, 40^2^58, 4 



3 

2^x + y^6 0 (x, y, :feJ:Z/z 

{^imi 71 Bt(IHl^>±«)««. RUx Mv Mn, 
(MWRh, Pt, Pd, Au, Ag, Ret^ibWitti 

4, 45^z^5 4, 4 6^x + y^55 (x. y. *3 

^ife^x^.;i^^-;^to. 0 6 e r g/cm^ jJliT^S 

-2?^ite^x;^;i.^0M»(ci5ViT. 8 0~1 3 Ot;® 
SK^SC*^- 2X 1 0-*' — 8X1 O-e r g/cm^ 

(Df^m/imt. (N ix Fe,-, ) V Co,-v (0. 7 

gx^O. 9, 0. 5^y^0. 8 (xiJiJ/y W^fi: 

) 75^e.nR-5i3 2c?3tfeii'ttH*^LT«jS:$ 

n. 

mi^m^±mm\t. au, Agfcj;u:cucD4'75^e>ii 

Mm2 4] mIIE$tcai41t±, N i F e^^CR 
h, Cr, Ta, Nb, Z r *3cktXH f ®(f *^e)^j>;{t< 

«ftE*iK1t^JB^tt, T a, T i , A 1 2 O3 *fcttS 

[i»4^JS2 5] m.wm.^^m=f-t. mwrnt. mm 
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*fFffitf>lh»Htt. RUx Mn,oo-x (15^x^30 

m^m2 6] miiify Submit, ^omiz^^^ti 

^mmmmti^s o o om^ p pm«T, B^mmmtfis o 

0 0|g^ p prnKT. «^t^^iS/4^'5 0 0 01^^ p pmjlil. 
10 T. ffi^!t^;5^5 0 0 0M^ppm£^TT$)-5tt*«2 

5 izsim.(Dmm.^^m^. 

m^m27] ttBEtf>±ise)»«. Ru, Mn,oo-x 

(18^x^2 7 {x<D^mt.mT%) ) 75^e.«Rfc$^ 
^mim2 5 Sfc«»3}^]S2 6 (ClHi^cDiKMS^S^o 

1 6 0'CK±T'*^W*]S2 5;^£ViUI»*^2 7<DVit" 

nfs^\z%m<ommM.^m'f: 

teiSS^X:?:JU^-75iO. 0 6 e r g/cm^ 
20 i»*3S2 5;^l,iLW*:^2 8®l^-rndMClE«®fi8^^ 

-3?^i^'&X^.;U^©K#IC*3ViT. 8 0 ~ 1 3 0 'CO 
iSft^^Sc^^*- 2 X 1 0 - 8 X 1 0 e r g/ c m'-' 

x,-vh^mim2 ^u^^i,mim2 9®t^-rn*Mcie« 
30 [«*^3 2] mmM(Mi&.m\t. ffrnt^mmmt^fb 

C o *fc«C o 5 8 Oafi%£(±-&tJ'&^*^?.ntSf^ 1 
©i^fettSi:, (N i X Fe,-x ) ^ Co,-y (0. 7 
^x^O. 9. 0. 5^yS0. 8 (xi5d;U^y ©^-E!: 

B9fa«tt^P)i«- Au, Ag*3j;c;'cu©4>*^€.3i 

40 «€-^-r]^T-^.5lf^«2 SfjlibW^JSS OOVi-rtl 

[fS^a 3 4 ] Sff \t. N i F e ;c R 

h, Cr, Ta. Nb, Z r *3 JcO^H f ©4^*"' ?)'>fj: < 

Ta, Ti, AU Oa */t:«S 
50 ©ffilc}gfiK$n?5:?tiK1tSt, #^a'lt^M®©{l&:^©ffi 
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ffIfHt;>ihJ61«Ru, My Mn, (M«Rh, Pt, 
Pd, Au, Ag, Ref}^ibm\f.ntz'pti<thim-^ 

1^x^30. l^y^SO, 69^2^90, 
10^x + yg31 (x, y, id^ZS z (DS^mtM^f- 

^m.mmmf' 5 o o o p pmKJiT. mMmm^ 5 o 

T, :^*jf«*^*5 0 0 OM^-P vmSiT-dh^m^mS 

[«*«3 7] «5fHtf>±J?)lltt, Rux Rhy Mn 
. (1^x^30, l^y^3 0, 6 9^2^90. 1 
0^x + y^3 1 (x, y, ii^ZSz (DmmtW.^ 

%) ) *^&«^:^ns«*3i3 5*fctt»«Ji3 et'ia 

m.(Dmm.m.mmm^. 

[i»*J13 8] HfriEt:>±«68tt. Ru, Pt^Mn 
^ (1^x^30, l^y^3 0, 6 9^2^90, 1 
0^x + y^3 1 (x, y, ^^Uz(D^mtm^ 

o^mizmm-^tifz^mi^mt. ^m^^mm(Dmy3(Dm 

izmn^-^titz^m^mii. mm^m^mcomi[:<n\ii}^^ 
i£>±st>-t^rzit>iz^m^m<D± mm^^mmtmt 
^mtKnmom) izmf$.^tirz^>±ii>mii^^r^ 

mrEtf >jl:J6Stt. RUx Mn, (M«Rh, P 
t, Pd, Au, Ag, Reti^imUnrz'J>t£< thl 
arfeO. 1^x^59. l^y^59, 40^2^5 
8, 4 2Sx + y^6 0 (x, y, ioJ:Uz (Dm^HM 

T> mmmm^s o o oig^ p v>m&:^x&^m^^3 
9 \zmL(Dm.m&mi^mi: 

(lf*^4 1] Wiaif>il:i!6Ji«. Rux Rhy Mn 
. (1^x^59, l^y^5 9, 4 0^z^58, 4 
2^x + y^60 (x, y, JoiCJ^z ffl^iittJI^ 
%) ) /0^6l«^$nS»^fl3 9Sfe«i»*«4 OfClB 

[W*3S42] fIlHt!>±a?)^li. Rux P tv Mn 
(1^x^59, l^y^5 9, 4 0^2^58, 4 
2^x + y^6 0 (x, y, ^^UzO^mt.^^ 
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%) ) *^?.<fBX$n^ft*«3 9*/itiW^S4 OtCE 

[1**^4 31 tfrf2fcr>±i!6Htt. RUx My Mn^ 
(MtSRh, Pt, Pd, Au, Ag, R elj^f^Witn 
fc'>^£< tfc 1 aT$>0. 1^x^54, l^y^S 
4, 45^2^5 4, 4 6Sx + y^55 (x, y, 43 
J;tKz®mtettM^%) ) *^?,;^^$nSf»*«3 9$ 

rz\mMmA Qxztm'Dmn.mm^M'f: 

\zmis.-^titzwm^miz. m^wm<Dm.{\:<nn^^ 

^mtRnm<Dm) '.zmfi^^nrz\^yitibmt^^-t^ 

tfrlBtf>lh«e)W«. RUx Mn,oo-x (15^x^3 0 

5Sf*JSS*^5 0 0 os^^p pme^T. gimiiaf*^5 0 

20 0 OK^ p pmJy,T> BS^?S«/i^*5 0 0 p pmiM 

T. tg*iiffi75^'5 0 0 01^^ p pmJJtTT^^«*)14 

[lt*iS4 6l «yffifcf>±Je)Htt. RUx Mn,oo-x 

(18^x^2 7 uommtm.T%) ) /^^sit^^n 

^i»*«4 4 ^;^c«tt*^4 5 iCfS«®JS^ifita^«* 

To 

[0 0 0 1] 

30 m^m^&^m^il\^xm.^^^fzlsb(Dmm.'mmm.mT 
<no%. m\z,\^•^tmMmc^:k^1s.%%mimm^ 

[0 0 0 2] 

tiiig{t:^®«l-rS88^jaJa?^*^i^ (iJ(T> ^IC TMR 
^i^Jl i^SU-rS) (DWoimtiz. MR«T>&SiEn«>ii» 

t.^mm.^^(r)mA^mz>&n\.f&\^. 

[0 0 0 3] Se^ckD. MR^>;/ H(C*5ViT«. 
50 6 ©SS^Ig^tSriSSftl b Tffitr[*^ig^l:t- -5 M R ^T {C 
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N i F e-^^75^'fflt.^bnT(/^^o CICDN i Fe^^iiS 
[0 0 0 4] L;0^b/J;A^*^. N i F e-&^*^MR^^i: 

t-^n^o rttt>*>. muzit, MR^?coe#jit;#tt 

^^mz^mzJ^^in^m/u Tx^^smt-^n^. 

i FeC r^;*5^E.«fiK$n^) iZ^^mmm-^tl^C 
[0 0 0 5] m2tcH, MR^?t^®^)g8E*^fi8#->^® 

ic J; o ae^ib-r 5. ^ ic i i; ^ /t^p i7 A if > ^ 

m^lft. FeMn) tcommm(zj:o±c^^^ii^^ 
(UT. miz THuaji tm-ri>) tj;o^;te.n 

[0 0 0 6] C:®3cj^Sg^{C=fcOMRPg^TS>SN i F 
e^^fC^f/WTXT^^'iil^. ■e0^;l|N i F e-^^oym 
K;Wit3{ii^aK(Cia:?# B H N ^©JtSf TS, 

[0 0 0 7] CCDi^fjiAMRSrfflVifeMR^'y Fti, 

(ii(T> m\z mRmtmi tmr^) it. 2-z%n 

t\yrm±mm.m.m^j)^ (iy>T. tgmrj tsr-s) 
^s^TAx^^Ji^. xtf>;t;i.XiK («^Jx.tf. physic 

AL REVIEW B 43#, 1297S, 199l¥-^, ^^^4-3 5 

8 3 1 on^j^m *^aa*ma«)TVi-5. gmr^^-tik 
Tif it T\ ftf^ii# /jN $ t ^ c i e, $ e. fc ffi g 

IEEE TRANSACTION ON MAGNETICS 30 #, 3801H, 1994 

mmzjt^i^-r^Wim^m (yj-mt'bmmN 

i Fe#*>^«fiK$n-5) <h. (NiFe. C 

oFe, CoFeNi^) iJit^'MMttH (FeM 

n) o2mmx-mmin^wimmt^^m^m4 (c 
u. Au, Ag^) ^if^LT^^LtcmjaL^mm-c^ 

-5a ;^©Xlf >A*;i/7'li(i, N i F e^^JCif^TS- 
1 0%®#l^(CiSl/iMR^^l:^S:S^-ro C:C9Xt;>A*jl/ 

newt (Mf ) H«B (5feailt»<!:S5Sffiitt«® 
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liiK) (Mp ) A^w-num^iz7.\:i>n)i^-:fm<D 
Mf tMp -fj^w-fffi^-^iziit. 7..\^>n)v^mcDmn. 

iim±\Zti.^o dcoB^COfita^RiD rc7)B#©G 
MR^ft^tt (Rm -RO ) /RO T-^A6n^o 
[0 0 0 8] M««a<tO:^(6j7iiW^C«'&tC«. xti 

10 [0 0 0 9] cn<i:ttJS5t*fc. ffiSi{t:©:;^|6l/!)^'jKW;5:« 
^tctt, xtf>A*;L'>^M4'§rtfSns«SStt, ^^iKIigi 

[0 0 10] AMRSrffll/i/iMR^-;/ H. i3j;y.GMR 
*ffitifcXtf>A*;U:/'\«y K (MR'S-^H) (C*3t,JT 

AMR*fflVifcMR'\-:/ HfCiStiTH, iKS/t 
-< 7XBSI1^S%^$ -a- B H N ^^Jp-r-S fefefC tf >±i!?) 
20 ^ffoWTa&D. Xfcf >AVl/7'^>> K»Ct5tiTtt, fiSft 

[0 0 11] Hua$:dfei;$*^S?iM1tMcr>Mi^a:bT 
r-FeMn-^^-^ (USPfg4 1 0 3 3 1 
5^^) . N i O-^, a-Fe2 03-^. Fe, Co, 
Cu, Ge. Ni, Ft, R h;0^e.ilS?$nfe7C**^ 

wr?)Mn;*;>-rffl^^ (W^rae 0-3 2 3 3 o^i;^ 

m.) tm^nx^^^. F eMntCC r ^^JPU^ 

*>®feifi^^nTl^i-2> (USPS4 7 5 5 8 9 7^ 

30 [0 0 12] \^t^vm^<o±M<r>K^m.m^<7imu\t. 

(c<fc-5Hua©5»Jft-^, taft^ftfCi^HuaW^^tit^i^ 
FpIStS^'^I;^. Sfc. Xfc!>A*Jl. -7^1^*5 V^TJi, ±ia 
wraatcSn^T. 7'D-y:SF>yiaK (Hua*i^{CJS<5S 

[0 0 13] 

40 [J^gg;^)t»ftbJ:5i-r^iiS] ifmi\tZ.(Dj;^oti.n 

titti:. CCDS^Miltt)! (lf>lh*)l) 
W:ft1t43j;Dtfl!iS^1t«cMn. mM^&1fi^<. MR^ 

[0 0 14] 

50 [gRa*<»8i-r^fc«e>«^s] ^(D^^fiWkm^mm- 
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Rux My Mn. (MliRh, Pt, Pd, Au. 10 
Ag, Rei)-^ibWitnit'>iS.<thimXhK). l^x 
^30, l^y^SO, 69^z<90, lO^x + y 

^3 1 (x, y, i6^uz(D^mm^%) ) t^^mi^ 

(0 0 15] :^^BM0lifmtSim.mtLT. msih^y^sb 

m{y.T. ^mmm^^ 5 o o o p p mJWT, mnmm 

*^'5 0 0 OJMTp pm^T. m*)iS*^5 0 0 OI^Tp 

[0 0 16] :^mMC0KJ-mfimmtLT. mmi^>±isb 20 
««>RUxRhyMn. (iSxSSO, l^y^S 
0, 69^2^90, lO^x + y^Sl (x, y, 43 

[0 0 17] :^^BM0lf^mfmmtLT. affiafcf>iha6 
R Ux P tv Mn^ (l^xSSO, l^yiS 
0, 69^2^90, lO^x + y^Sl (x, y, *5 

[0 0 18] :^mmoiti-mtmmtLT. fuiEt°>±J6 

mit. RUxMyMn, (MfSRh, Pt, Pd. A 
u, Ag, Re7!)^^mitntz{}^fi<t'bimT$>0. 1 30 
^x^24, lgyg2 4, 7 5^2^85, 15^x 
+ yS2 5 (x, y, iiJ:Uz 0mmtm^%) ) 

[0 0 19] :^^m(Dtti-mf3.mmtLx. B^tatrv^* 

[0 0 2 0] *f!ig©iffji;^ffifiii:bT. tfriaif>±* 
mtW!sd.¥^immt(D^Sii^-^x.^Ji'^-iio. oee 

[0 0 2 1] :$-mM<D»mtmmtLX. S&f5fcf>lhi* 40 

tiT. 8 0 ~ 1 3 0 X:coMS.^.^Ai- 2X10- 8 

X 1 0-e r g/cm^ 'Ctfi^.t ^ (C«Jj£$n^„ 
[0 0 2 2] *%^Oifji;5:^it<i:UT. fluf£ifiS14#« 

[0 0 2 3] *fgBJO»a;^cffi^ii:UT. Xlf>/NVL':/ 

*^^CoSfc«Co*8 oa*%£t±-^tf^^*i^;ft^ 
^l®tfe«8tt®t. (N J , Fe,-x ) y Co,-y 50 
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(0. 7gx^0. 9. 0. 5^y^0. 8 (x*3J:LK' 
«fi)c$n. ^IB*iStt^«B«. Au, Ag*3j;Z/Cu 

[0 0 2 4] *:^e«(Z)ffmffi.<Sil.T. Strffiffitt^S 

[0 0 2 5] *fg^<0»jgfeli«<ttT. S:^1tie3i^j& 

yi^m^m-rm\zid\.^T, mK^m^m\i, N i Fe-& 
^CRh, Cr, Ta, Nb, Z r :j3 JcU'H f ©4"*^ 
'>fj:<<ht)ia*^#L. «A'^7XStLTtSltg-r-5 
BTa^O. HftE#ieS'l4ifellB«, Ta, Ti, AU O 

[0 0 2 6] ifc. m^im^mmi't. m 

t. i^miSL^mm(D~:^<Dmzmi&^ntzm&^mt. 

^m^^mm<nmjj(^mizmi$.-^tirz^miimt, mi 

tf>lhs6)l«. RUxMvMn,. (M«Rh, Pt, P 
d, Au, Ag, Ret^'bMI<tnrz{i^f£.< Lhl9.X'& 

0, lSx<59, l^y^5 9, 40^z^58, 4 
2^x + y^5 0 (x, y, idJ^Xfz (Dmm^W-^ 

[0 0 2 7] :^^mottfmtmmtLx. mmif>±iit> 

Ru, Rhy Mn, (1^x^59, l^y^S 
9, 40^z^5 8, 4 2Sx + y^60 (x, y, *3 

[0 0 2 8] :^^m(Dttfmrmmtvx. tii§nf>±i^ 

mit. Ru, PtvMn. (1^x^59, l^y^S 
9, 40^2^5 8, 4 2^x + y^60 (x, y, *5 

[0 0 2 91 ^^mowrmrmmtLx, «frBBtf>it* 

»«, Ru, Mv Mn, (M«Rh, Pt, Pd, A 

u, Ag, Ret^'bmittlfz{i^tS.<tt>imx&Kl. 1 
^x^54, l^y^5 4, 4 5^2^5 4, 4 6^x 
+ y^5 5 (x, y, *3 J;tX2 <^#e«Jg^%) ) t^B 

[0 0 3 0] sfc. *fiBj3«. m^rnK'^^m^t, m- 
i^mt. mmmt^'^tsm.^^i^m^x'h-ox, mmm- 
i^m\t. mmmm^^ifrLxmmmmm^^m^tm 

1. i¥mit^mm(o-yj(DmizmR!ii.inrz^mi±mt. 
mm^m(DmtoiPi^^ if>±ib-r^ftii>iz^m^m(D 
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k^>±l6mii^ RUx Mn,oo-x (15^x^3 0 (x 

[0 0 3 1] *»eaojfji7iffi^tt LT. mm\^>±id 

Utt. RUx Mn.oo-, (18^x^2 7 (xCOmmt 

T^oT. B>rfae>ihs6)iliR u. Mv Mn, (M«R 
h, Pt. Pd, Au, Ag, R e^^iM<iintz{}>f3i< 
ti>imT'&r), 1^x^30, l^y^3 0, 6 9^ 
z^9G, 10^x + y^31 (x, y, *5j;l^zC9* 

[0 0 3 31 *Mfigtt, tm^^mm^. 
m<»mjj(Dmizmij^-^nrzW:miimt. mtmm^mo) 

T-^oT. BtffHtf>iha?)S«. RUx Mn. (Mti 
Rh, Pt. Pd, Au, Ag, R eA^'bMli-£rLfz''j>tSi 
<thimX'$>K>. 1^x^59, l^y^59, 40 
^z^5 8, 4 2Sx + y^60 (x, y, ^.kUzO 

[0 0 3 4] sfc. ^^m\i. $m^^mmi:. 

T-feoT, H(fiatf>±a6)i«. RUx Mn,oo-x (1 5 

gx^3o uo^mmtm'Fx) ) *^^«f£:^n-5o 

[0 0 3 5] ±EO*^gB(Cj;n«, tf>±Je)« (H^ 
JKttl) *Ru-MnJRSfcHRu-M-Mn»®i8a^ 

*^^MfS.L. (M«Rh, Pt, Pd, Au, Ag, R 

eti^ibmi^tirz'pts.K fbim) ^ ^(ca. i^y^tbm 
izmn. mmm&*^m<. MR^/t^dt^^viatt^e 

[0 0 3 6] 

[0 0 3 7] mut. ^^^mom^m.m^^m'T- a ®*f 
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m.it^'T) ^m^xis.^, 01 t*$n-5j:5(c. m 
1 #att<feBs 3 0 z(D^^m.^^mm 

3 0©-:^»Micfl^fij$nfc^att)t4 0 ^(Ktt^ 

s» 3 0 (Di/i^jnmzmi^^ntzmmm 2 o t . ^® 

'tte4 0®SS{t«|6l#<£tf>±J«)-r-5fcJ6{C?felKttB4 
o®± (:i:iT"W5 ir±j tfi. #JiStt^Jae 3 0 

10 B5 0**-r-S«H#:«jg*;^tLXl^-g)» 

[0 0 3 8] ^ne.©«»w*. Hiics^^ns^^ 

0. ?Satt«4 0. fc!>ii:J6)i5 OWJltC^Jf Snxi^i 

-So ci©if>iha6W5 oco±fctt. u^<dz:l<. m 
[0 0 3 9] ^<D^mommizioni>mft^mm.i (7. 

^^ux^mi^^mm3 oi^Lx. ^(DmmizmmLx 

20 mi$.-^nfzmmiim2 0 tm.m^m4 0 tom^^mit 

*%?«cDJia*^, *ett^®ji3 o<&^M.Tj^5K$ 
tifciJcss-ttw 2 0 t^fissttH 4 0 (Dmit<D^^ii^xux 

B^Tii. El 2 (cS$n'5J;^.{ci1-ai5*^^®m^a«;^^7' 
(i5^«t#:9 0c7)fE^ffi9 3A^i=.I*]*^oT±In]^ 

30 m<t(o:fjmm\,^tzmf^^<Di^m^^c, t&m7f)m±-r 
[0 0 4 0] z.:lx\ ^mM(Dmm.&mmmTi,zf^^^ 
mm^ e ®^»ffl#a« t , mm^m 2 0 4 

[0 0 4 1] ^. ^mmmm^^^\z-^^tz>^\z. m 

l{c*$n-5^t<. lt?®#fiSift^J»Ji3 o^rn-bT 

1 lacDDcjMttH 2 0 t^^tti 4 0 tA^'ffft-r^ftfev- 

[ 0 0 4 2 ] 0 2 tl-5 J: Jc. ^fiSlta 4 0 tt^ 

\,^^<Dx. '?:<Dm{f^m\mm-^i^<Dmnmmz^^x 

?SfiS14» 4 0 OieSft^fflJ^^Stt. 9 0*^ 

<b<om^^^<D}pi^\z^■z>x±^<mt•r^. ^<Df& 
50 «i4)trtc8iEnse#«^*^«fa.sns!S-&viAt^ 
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[0 0 4 3] ctHZJ:^r/i--^a^a:>myj^mm.&tn 
nMtit^:fj=iX2^jf)^^mm\zmfi^±^UUR (Magn 
eto-Resistance) ^i:l:*^f#e>tl-5. 

[0 0 4 4] 4)C»tt)12 0, ^ffitt)i4 0t> t°>it* 

T'it. t°>ltie)«5 0 (CiO. ^attS4 0«Kft«^ 
Tv-f (fH«j«#9 0©fE^ffi/0^b|nl;!/^oTT 

«S^«ttl2 0«a{^:t)^1':^X:^(6]?r(6]<„ 

i^;'7$-o{cj£i.itt<>:-r-5<, {mmmm^H<oo:>mm 
( I ) T'fi, ^tmmjtm 2 0 :t$j:zf^mi^m 4 0(Dm 

ISttW®iK{l::^|S)«-^r[6] |p] i,-. T S , 

[0 0 4 5] ^1-«^i^±^fTH*^*DcKtt)l 2 0 (D^m 

u . ^mum 2 0 a^u^m^m 4 0 (D^n^'n©a 

ft © |p] * S¥fT 1 75: * W f C n TSgYk i tt^ffiin^^'it 

jpsr-r^s. ^LT-mmtu^ mm cio ©tt^) , 

mitm2 ot3<ty:?sattM4 0 ®-E-n^*ti©wi:;^(sj 
«, -:^iei(c}ioTr&i<. ilft:«a&^— jgffl 

[0 0 4 6] ®[(C'fS^m«H75^-«'>-rs<t#tt> 

<h[^^i(c. mm^m 2 0 i><ko;?saits 4 0 ©sMftse 
^« (110*^6 (II) . {Diim^fmit-r^. 

;r;iTM« (ii) <7)«i;a6coSi5:y-T\ ea»m^*^'xt°> 

>!rc;*:#<^c5. rn.t>*>, mm.m2o\zm^<<tnc 

(o>h^ftn i o. sF eo. 2 ^mo-. jg^:feS:^ttJ^«H 
k^f^^fS' tfciD, Hkfl-ifijy.T«^Oe~»l 0 

[0 0 4 7] *^B^{;:*5tiT. #5iJg«©m(c«^ti 

^■njifjg?5:®ffl:<ii*So im'&^mmnmm\ti 5-4 
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fe?i«^fi*fKtt#s«<*:®:^tt@2 o*5j:ac?sitS 

CDaS'tt82 0, 4 0©ff;§f;ii2 0 0 AJ;OJl<;^oTfe 

i>®TtB^:<)W.V»„ 2)l<D^ttg2 0, 4 0 

[0 0 4 8] K^T. jd&Lx^tzmnmm^m'i'SCi 

^mmz-D\,^xmm\zmm-r^. z.(nm%^im^m=i' 

[0 0 4 9] *^B^®tf >ibiS6«5 Oli, RUx My M 
n,. (MURh, Pt, Pd, Au, Ag, Ret^ii, 

[0 0 5 0] S-f, ^?;]iCRUx My Mn, m^i^t^^ 

\dy±!!t>m5 o\z-z>\^^xWiMT^. ;icD?stt3ViT. m 

(±±aiL-Ac<J;^(CRh, Pt, Pd, Au, Ag, Re 
*^6atitifci!»ia< it) ia»7c*Tfa&0. M*ia«D 

20 ^m^Ltzm-^iZU. 3 7C?^cr)m.!S.tfS.Kl, M^2ms^ 

±mMLrzm'^izi,t. 47im&.±<Dm.i$.tfj.^. ±sbm 
ot^x<Dmm\z^^^x. ^^m(Dmw:^^MX'^^ 

f)^. f-Cfe. mz. Rh*fc«P t 4S5£L.fc3 5cmt 

[0051] RUxMyMn,, J^ICOtiX. x, y, *3 

J^^^%T*-g)o *^BJc7)RUx My Mn. ^(CtSliT 

;'c$<5^ttT2o©»jg;/^<j;MfiX«ffl*^'#&T?>. ^■ 
®— OifSt, (1) 1^x^30, lSy^30, 69^ 
30 z^9 0, 1 0^x + y^3 lT«^^n-5®HT* 
<0. ho—Dt^(.2) 1^x^59, l^y^59, 4 
0^2^5 8, 4 2^x + y^6 0-e«^^?n-5^HT- 

[0 0 5 2]85E(1) 1^x^30, l^y^30, 
69^z^90, 1 0^x + y^3 IT^^Sn-Steffl 
(CfeV^T, ifiL<tt. 1^x^24, l^y^24, 
7 5^2^8 5, 1 5^x + yg2 5T-«S3n-5Seffl 
T$>0. <J:OI?SL<«. 1^x^22. l^y^2 
2, 77gz^82. 1 8^x + y^2 3T^^$n^ 

<t. 3?^iie-&fi8#Hua<DfiS:feJ;Z>*:/n5/:^^>i^iaSTb 
(Hua©<i*^*i^£-5fi«i LT««$n-5) 

0fi^%*iex.Tx + y<O{ii75n Oll^%*«i:)&^ 
i. ±fSil^«fC. 3?j^li^'&a5?-Hua©{iS*3j;tK:7D-y 
4^>yiaiSTb75i*!c|g:TUTLSl>. ^<i,\z\tUn<D 

•5. c:c9i8ifiKIEH{c:feliT«, MiMn tOT^Mij^^ 
50 *^fl^fiK$n. ^o^tzub. bf>lhfeB5 0ife{*:A^S?Smi4 
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[0 0 5 3]^E(2) l<x^59, l^y^59. 

IC:BV^T. Sf^L<ti. 1^x^57, l^y^57, 10 

4 2^2^5 7, 4 3^x + y^5 ST^^^n-SteH 

cfcD»^b<^S. 1^x^54, l^y^5 
4, 45^2^55, 45^x + y^55. ^^(CjcO 
0^L<\t. 1^x^54, l^y^54, 45^z^ 

5 4, 4 6^x + y^5 5T^^$n'5^HTa&'5o ^ 

^s^HuacD^^t7^l^^mil(c^c«^ l t b ^ p ^ 20 

:L(D (2) l^x<59, l^y^5 9, 4 0^z 
^5 8, 4 2^x + y^6 OTS,S$n^^fflT-ti. M 

ntm<o^mf)^mi : i<Dmw\^^^r^f&^^Tzmz. 
fcisbizMi'kiihmi^xmtirzhcDtr^^x^^^o 

42^x + y^6 0 OlgHTte^^lSg-r ^ CI (h tc J: o 30 

T. Tbc^^aS^. 1 6 Ot:-4 0 ot:co®ffl 

[0 0 5 4];^V^T> RUx Mn,oo-x b:^cj:^ e > 

5 0(Ct5l.>T, xCDigffl (x(D^ffi«J[i^%) 15 
^x^SO, ttf^L<\tl 8<x<2 7 . ^DB-^LK 

ti2 o^x^2 sic^^^n-So z:o:)x(DmAK isjs 40 

-Mn^{c:±f2(;)M>^:^,»n$ii^<h. ±iz!i<?) < $ 6 

[0 0 5 5] ±iELT#;^tf>iJ:^«5 0(Dy^ay:^> 
^U&Thitt. 16 0t:R±. 16 0-4 0 or 

Offll/^enTl/i-SFeMnai 5 CCSST*^) o 
[0 0 5 6] Sfc. *!^0>q*T?fflVie>tl'5tf>±*e5 0 50 
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0. 0 6 e r g/cm^ Jl^±, mz. 0. 0 8-0. 1 

i^^x:^;U^-j kt^. 5SlStt^4 0com<t:^a^T^ 

-jkti, (?sisstt)ifigaafi:) X (Hua) X mm) 

[0 0 5 7] ^etC. tf>±5e)^5 0i:^a'ltli4 0<D 

aS-'^^S^X:t^;i/^-CDr^^[C^V^T. 8 0-13 
0X:c7)fiS^ScTcti. -2X10-'* SXlO-^e 

^fsk'r^yy\z:^^^x. m^md (jr) /d (t) ^ 

8 0-1 3 Ot:co|SfflrtT\ 8 01C(h 1 3 Ot:(7)2,^* 

[0 0 5 8] ^6\z\z>±isbm^ ou. ^(Dm\zt^^ 

0 0 OJS^p pml^T> j^m^S;0^'5 0 0 Ol^Tppm 

&sT. * b < 3 0 0 0 p p mi^T. mmm^T^^ 

5 0 0 Oi^^p pin]^T> ifSb<frl3 0 0 OM^p p 
mJUT, 4e*S*70^5 0 0 OlSTp pmJ^T. JfSb< 

ti3 0 0 OM^p pmi^TT^^J:^(c1ii7K-r^<^;0^^J: 

Hua, Tb, J kfj:^) ^^^^^ft^-^o ^Tz. Z.(D\£>± 

5 0 ^}gbT«)i$n^^ffitt)i 4 0 coaM^tt^> 
^m^^tR^m^mtL^x(D^ii^'i^{\i^i^^o t<D 
izmmtf^< , x^^fc»mizi&-:5n^ ttm^x. 

[0 0 5 9] Z(D\±y)t^m^O(Dm-^\t. 5 0A-1 
OOOA. »Sb<frl6 OA-8 0 OA, ckDlffSb< 
7 0 A- 5 0 0 A, MfCjf S b<«70A-300A 

CO^fflc^r-r-ScJOTj^^^ciil/^. >il:i6)i5 0C7)/P$;^^\ 5 0 
A^ri^<U^t 3?^iK^K#H ua-^ D ^ > ^fiS 

T b t^%m\zfb^ Kfs^'oxi.^oo m\zm^^^\t^ o m 

b^v\ @S«S?S£»E®tciS$fj:<^j:oTb^-9o tJ^ 
oT, 1 0 0 0 AJ:D/h$V>^55*^J:V^o 
[0 0 6 0] c:(7)ct^;'cJ:tf>±a6)i5 0^5. <:t>b'- 

Mxtf^:^-^-^ (MBE) m(D:^m^m^^xmf^'^n 

[0 0 6 1] tiim^m^m^Oiit. Fe, N i , Co. 



(10) 

17 

Mn, Cr, Dy, Er, Nd, Tb, Tm, Ce, G 

#tc. (Co. N i ) w Fe,-„ (.fcfzL, M 
STO. 4^z^l. 0. 0. 5^wgl. OT^-S) 

[0 0 6 2] c:0J;^;S?SffiStt»4 0OP$«, 16- 

lOOA. J:0»SU<}i> 20~60AtStl^„ ;i 

-5. 

[0 0 6 3] COJ:5;^?^ilttB4 0«±iE®;r<t< (f 

"tcomm. ^mii.m2 0 t^m.i^m4 0 tcDM^omit 20 

[0 0 6 4] MEt>cattl2 Ott. «»:lKtt!|#tt&S-rF 

e, Ni, Co^-^;itie.®7C*$^tJ-&#-^{t^t;75^ 

M R flMcoiC-^ 0 A^m^t <!: 0 , »S b 

?)n?.„ l^fflSttH 2 0 <&TfHt^-rj: oti.2 Slf itS'-T 

3 0 ffly;5> e c o (DAVPh) ^i^&^^mco^ 

8 0 *«;%£t±^tJ'^^ J; 0 «fiK Snfc« 1 30 

(N Fe,-x ) y Co,-y (fcfcL. fiST 
0. y^x^O. 9, 0. 5^y^0. 8) Tgt)$tl 

[0 0 6 5] c<Dj:oti.mmitm2o<om-^\t. 2o~ 

1 5 0 A< »S L < 3 0 ~ 1 2 0 A, $ ^ iCiff $ b 
<tt. 5 0~1 0 0 AiiSn-S. ^lOifi*^*. 2 0A*^ 

±m.(Dj:^\z2mmmi^tLtim'^\zit, co«j>>^o 
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[0 0 6 6] c(D^of3.w^m^m2otmmm.'itm4 
0 t<Dm\z^&-^n^$¥m^^mm3 o\t. ^j^mmizm 

#:fi<){C«. Au. Ag. *3<i:UtCu©*7)^e.««n&{!> 

Ow t %KJi#tJ^^^;^^'^^f ^n^o 

[0 0 6 7] z.(Dj:ofji^m^^mm3 oom^it. i 

5-4 OATe&^;:i*W*L.ti, eic^iL^n S AJ^iT 

tCTS-St, CCD=bcOS:^LTEB§nTV^'5|S^i^tt^2 
0 i:?ilcStt)i4 Oi/&t35M«£^bTLSV\ $>:l^tt8 2 

0 t^m^m4o toxi^ytii^n^enminzmmLfji 

±T(Cfifi-r-5*>CKiiH2 0 i:^ai4W4 

o©i?-s-ci{SL$nsm^-cDfij-a-*-5«i>LTbsvi. m 

[0 0 6 8] ^Ses 0tt> fS.mfa-tT.OMHX'Dm 

izmf^-^n. Z.(D^<Dit. Ti, Ta, W, Cr, H 
f, Zr. Zn^0Un.i:K)lBl$.-^n?>. iPStt. il 

^. 3 0~3 0 0 AgSt$n-&o 
[0 0 6 9] a«5tt. -Jr-f*. MgO. Ga 

As, :7x^'f T;i'5^f' -y^. C aT i O3 ^CD^t 

iN-(CJ;(3J^fiE$n-5. M'^. 0. 5~10mm 

[0 0 7 0] ^m<DmmRumm^±m(o^oizm^ 

Hk*2~2 00e, J:Oiif* L'<«2~ 1 60e, i^fc 2 

[0 0 7 1] &M'&mcom^im.^HkA'^20e^mtu 
b rzmmmt£ m r mmm-^mnmzn e. n;^j: -5 

a6, MRS^^i:bTCO(tttt75^**{fr-5o Sfc2 00ej:0 

*^'<STb^-r<, n^-D^mm^^&T-r^. ^ciTcine. 

®H k «, ^l-ffiSS^t bT^MBttC 1 0-3 0 0 OeOM 
«Hk&^e-r?)«>lC+:5i-T«^£i/>>b. Sfc. SOOOe 

So 

[0 0 7 2] ±miyT^ftm'\st^mi^i^'tn'enm*) 

^•2>o att#«K®iilfPiIb««lflI»nic#iC$iJpgtt/j: 
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n b t,i|gH« 1 ~ 5 f 

[0 0 7 3] Buf£Mtt#)li^ 1 ®^g©JiKM(i. -r:t> 

xif^^>— ffi (MBE) m(D:f;mx-m£i:>tx^, fiStt lO 

>ihJ6H5 0(7)fiK)KICK?.UT) , *^)t«gHrtrofJil 
E;^)^ 1 X 1 O-'To r r&^TtL. fiKj^^-^^KfecfctX 
X 1 Q-^To r rJ^-^TOHH^ifTfiE^^ 

MgO. GaAs, ^x^'fh. TJI^t^^" -y CaT 

iOa ^$ffiv^«ci<i:;0iT'€-5. ^^J^^cssuT^^, tfri^ 

L.ytJ:^ic#;fiStt«2 OfiXl^Btir, lliffirt®-;^|6]tcl 20 
0-3 0 O0e®^tgP!cS^S:EnJp-r^;i<i:;5WSLt:>. C 

nic J; 0 , istiaitti 2 0 \zmyj^mmH k $:f*-^-ri> ;i 

A.i:£m.mB^^m^rzmm.^m^^xmi}av. tf>ihJ6B 

5 OfiK]K^«^SDL.;&V^*ffiT*oTfcctVi. a^-Sl-^ 

[0 0 7 4] *fc, Wimi^rz<i:-olz. {j^nc< ifctScfiStt 
B2 0®figJKB#(CjB[Hl^©-:^|6l(C^1.g|5iaS«S:3IJabT 30 
S*tta«Hk*iSe-r-5C:<i:T\ ^6(CK^«[#tt«: 
ftn/i © i T ^ C i -5. 

[0 0 7 5] $e>iC, br>jl:*S5 OS^SMTSISt;: 
ti. «CJ(8ttH2 0S:fig^-rs|^.OEPM««):^[6li:Sit 

!eS«®;*:^S«i o~3 0 ooeoliBfflfcaBnf^cfcii, c: 
nicJ:i9. t:>±ese))i 5 0l:iiD?^figtt)l4 O^a^t© 

m^n. mnmmiz^^x^(Dm^^^^iz^^^^^ 40 
fiSttH 2 0 (Tjss^ttftfe^awcs^ffttiisrf^ 0 tar 

m-r^mm<D:>j\Pitmc\ui^x$,^x'b!^\'\ z.(Dm\t 

ff3l^{c< gffi@j2;^|6i (!»;S^ttH2 0$fi)cm--5f^« 
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m'Fo)mn^m.^>^mmiz^mi-. m^m^m^o^mM 

^tJj£(/^it^O=b®T$)^<. Sit. *%B^ICfett^a^ 

* (GMR) 45%-rffiStt^«^^ffi;tSXtf>/\VU-7''\ 
•y H^. S;^14a^J&tri3ai^ (AMR) 

[0 0 7 7] m^^^m^(D-'mthx. m 

[0 0 7 8] E4(C^$n.SJ:5(caMJaM3aSS'\-y 
K (MR'\>yK) 15 0tt. «^a«*i5«S-r-5fc«)® 
!S^Si5^i-i:LT®aMJgfci^)l^^?2 0 0 C«!SeM 
fitaS/)**^2 0 0a5^!ffigP2 0 0 a, .2 0 0 aizmi^ 
■^tlfcW&^l 0 0, 1 0 OtSr^bTli-5, -^-bT. 

mmm^tvx(Dm^t&mmmm'P2 ooo^mz o o 

a, 2 0 0 alt, '?rO:>m^S^±WtmM^l 0 0. 10 

:fe. muf-m 1 2 0, 1 2 0 Mffimsffi i o o , i o 

0$^>bT^^}Sir[?ill^*T 2 0 0 i:#jlbTt.^^„ * 
±. ##:M1 2 0<i:ffiSg|5l 0 O.htiJ-ltTI.^-SyO^*, » 

1 2 0 i^mmm i o o «. **-#wtc^M?^figffi 

[0 0 7 9] MR^-y HC*3^tS!g)^gRii-^:bT©ieSM 

ittix3ai*^^2 0 0 it, tumm 1 tc^^nsfiKtt^iiiK 

1 ^mr^m^m.tfim^m^3 tmnrnzmmrmmm 

0 0 tt, HI iz^-^n^m^^^ms^^mr^m^i^m 
^m^Fsizm^^ti. ^ro«sm, mm.mn.i0iM^^ 2 0 

0 (i, #^SStt^)g)l sot. #S8tt^B)l 3 0 cD-::^© 

®(cm$nfc5iiiEtta 4 o i. mmit^mm 3 0 ©fte 
;^r®jS{c0i3t$nfc«att^ 2 0 <!:. mmmmitm4 0 

(#^Mtt^)i»3 0 tj^-r^ffits^ftiwffi) izmm-^ 

nfefcf>Jh*«5 0 i^WbXI^iSo 
[0 0 8 0] ::;i-rfiS^c,'ili«, &,±<DJ:^izhxm0S. 

M» 3 0 ®-::^o®ic5gfiK$nfc5^aitS 4 0 im 

^^mm 3 0 c7)fa;^©®(cfgfiK $nfct*:att» 2 0 

HfIflE5fimtt)l 4 0 ©JE8fl:®|6]€- ^ tf >±ie)TSAcJe){c?fi 

^B^{ci5t»T, ^1-el5©«^^Klf*«o©I^{c•?BlttB2 

0 1 If >±i* $ nfc^iaais® 4 0 ® X tf > ofiXf 
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[0 0 8 1] c«es<t©it3S<t;*0-5fc*ic, jut^B 

K 1 tf >ll:i!6g 5 0 CD :/D >v + > yjaST b tA±Tfia 

5£^t:^5!Laoi^. fcf >ii:J6ii 5 0 (Dmt-nn(Tyh-m\i^ 

aTb<i;DfcK<. tScfiSttJi 2 0 

.h. !»;attJI2 O0ii8{|:;^(pi*^'^1.8Ra#ic*fLTfiSft« 

fc. yu"j^y i^?i.«T b 75^*>cattB 2 0 <nmmmM 
i^>'XT-AI*3C7)MR-t:>-y-ll!)f^4^. *5i;Z>'X t;>A';l/y 

<i:t,i5rae*i*§, i)Ci(8ttB2 OOT^^a^S 30 

i^MSTb&fc-:?tr>±Je))15 O^^^fiEL. U^imM 

H 5 0 Oili.fiK*±i£Lfc*gfflrtT'iiSI9:^-r^ tic J; 

0. 1 6 0~4 0 0*C<Dteffl«7*D-i'^>^S^Tb:6^ 
SS«Itg<!:fj:^), itJSltfiJ&S^. 1 5 0-4 1 CCS 

[0 0 8 2] 04(C^Sn-5J;^{CJK^fitri^«M'N-y 

H iUR^y K) 1 5 Ota. ffiS^^iitJd**? 2 0 0 
*5cko:«88g|5i 0 0, 1 0 0^±Ttc«$ty<t5(c->- 40 

ji'KHsoo, 3 0 o^im^fns-tifcjc, jes^jsfet 

2 0 0 i:->-;i/H)13 0 0, 3 0 0 tcDl^rogP 
5^tC(i«tt*£ig:B4 0 0 75«m$tl^ = 
[0 0 8 3] ;i C T^fiSa^^^ i L T CD^^JgtnSi^^T 
2 0 0CfflVie>n^«^1t»4 0. #8Stt^«)13 0. 

$>ciS'tt)i2 o*Dj;t;fcf>ibJe))i5 ofj, -^n-en. stria 

CD grffl § d i S L 1/ 

[0 0 8 4] 04{c^-r<fc-5{c. «ss*8fE-r«ffiap 1 0 

0 SrfiSmffitaSiS^^ 2 0 0 <Oimii^\Z^(Omi> 2 0 50 
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0 a. 2 0 0 a±m^m- ^mm.tr^. -r^t. 
imm.]^m 2 0 t^miSEW 4 0 izi^^ntz^^^f^'biz 

[0 0 8 51 MRfti6IOVir-^±*tOgP5J'*S^-r-5CDtt 

«>c«a'{tH2 owa^toteTfes, icosm^&MRfti^© 
Am±LTL^^\ fs^mmlzMLmm^mtmitmiR 

CO 0 8 6] ^dT-%BJ#^(m«. W^?:jtJ6fcig 

2 0 0 tm&mM'&Mtrz>i><Dm.m^ 1 0 0 i:© 

miz. m^it. C oP t C r *^S;^iSlE^ 5 0 nm®a 

f^psmm^mso 0^, -^n^en^^-^it^ztizj: 

d®«^. ai^ffl1BEIStt«5 0 0 tSS«JStix3!l* 
^^200 ©^8152 0 0 a, 2 0 0 a<D±t$i7!)mi^^m 

mi^m 5 0 0 i:»ttt-St«iffiT-»tt$tlTl/^So K^fi 

mm^mzoo. 5 0 o«, ai4#SM*«S)5S:L.TV!iS 
fflseisi4if 5 0 0 tt. mit^mm'p(Di^m'&m(Dmm^ 
-5. ^©«s^. j^tt#igM4'o#;fi8ttii««^ii«{c*f 

i^=^n^Ct:^^T^^o SffigPlOOtt. Ta, 

Cu, W, Ti. *5J;t;CAu€m#:Sfc«tt^S-ti-Acfc 

[0 0 8 7] sfc. *^^Hj©xfcf>Aju-rm^li^^ 
MR'N-^'h'n. m&\z^-sti^^ou^^y\^mm.t-r^ 

2 0 0 tm^mm^mrfzisbommti^ 1 0 0 
t(Dm\z. m7f;(D t < 0 om^^i 
mmm^mmm 520 id^uR^mitm s 0 0 (T^t^ t 
«i!)88ttS8oo) €Jfi^^::^^^E^■f^■-5. i-t^h. m^s^ 
^mitm 5 2 0 i5 iucK^jK-tti 8 0 0 (ui^^ntmm 

8 0 0 ) 0-:f5mm. M^fitaS/l^iS^ 2 0 0 © 
J:SP2 0 0 a (ISc^ttliCjfili^flfil) ©-gU^> €r«^) cfc 
*^Ote*Sfi!l«ll^©ri:<mffia5l 0 OTffll 
0 1 ^■T^•^iDi>.^TJ^^^X$n5. «ffig|5ioo 
Kff^ffltci^STSSgRl 0 2fi> {H^Jgta^fli* 
^^2 0 0©±g|52 0 0 a (*J;li'l±»iCiat,i;^raj) ©- 
g|5^&Si^. a«gfflt»:att«5 2 o*5J:z/S?SBS 
tt«8 0 0©±aRj«gB5 2 0 a. 8 0 0 a S:fe-e-n-?n 
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LTtt. ^Jx.tt'. NiFe, NiFeCr, NiPeR 
h, NiFeRu. CoZrNb, FeAlSi, Fe 

z r 1 0 nmmm Am^^^n. R^mi^m 

SOOiL-Tti, Rub Rh.sMn, NiMn, FeM 
n, PtMn, a-F 62 O3 ^ 5 0 nmigS) 

Am^^>bn. wmitms 0 0 tLxit. coPt, co 

P t C rll 5 0 nmm&) tm^^^tl^o 
[0 0 8 8] c:cDJ;ei7i1tfi)ti-r-5rt(r=fcO. ffiSSvffi 
tnC^dm^^ 2 0 0{CJBfig$n-5ig^ffl*iCJittS5 2 0*3 10 

Wlli£A*'f 7X=&{t^f ^::t#T€. A*Jl/i7A0-lf> 

y-cx^ffliftjijb/iMR^-y F^tt^tff^n^. ^fz. m. 
ffigi5 1 0 0 cDffigB 1 0 2 Mjec© J; -5 izmn.m.tn^M 
m^2 0 o^m^^^izmiia-^nxi^^^iitiz^r). m 

jzotmh^-y ^m(Dmmms,^M R-\y vi)mmx 

[0 0 8 91 ::n?.MR^'y K?£tSitt-^«^. ^CDK 

mxm<^<¥x/-^i5'-->-^\ w-is.it^x-^-^>if. t 20 

[0 0 9 0] -SSWtC, ±ai««Stt^gMS:*-r^iKM 

S <t /j; S -ofz. *^HJ! (c J; § KMStrtS/)^* 

«*#4--r^i<tCcfct9. 3 0 0t:£iT. -US 

iC10 0~3 0 0'C. 1 B#^gSc73^mstc+:9-**iJ;T 

JET) >f Tfifi^c 5 z. tx'^^^<t(Dmsbx{i>-f£\^^mm& 

tn^mmj- mi^^mm) tm^n^. s^. mxnm 

T © ^ t! > it^^Tt^ U <y V > 1-4d M R ^147&^^ 

[0 0 9 1] ±ji^vx^rzmmmtfimmm'i'i5^xfm% 

m^m=f-izi5\,^xit. &±mm.ts.mm (gmr) 

:ll (AMR) ^S^-TM, -ttJit)-^, /1-VP-r*fflV^fc 
[0 0 9 2] ;iC9/\°-TD-f $:fflli/tMR'\->' S 

T-S (e>jhJ6-r5) fc«?>OS5Sfi814@ (t;>ih*B) 

^tzx\^>/^)irs'^-f<Dmtmmx'h^. K^m^m 

it. NiFe-&^tCRh, Cr, Ta. Nb, ZriJj; 50 
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ibXtStg-r-SS. 0iJx.«. CoZrMo, NiFeR 
^mnU. Ta, T i , A 1 2 O:, ^tzltS i O2 ^5^^ 

[0 0 9 3] 

mmm] ^mLx^fzmmm.ifim^m'f-omm. 
\z::tiib^m^^rzmm.mnim=f- m^uuR^yv) o 
mM^, &.T^z^rm^ifi^mmizj^ o ^ ^.{cpSBitcui 

[0 0 9 4] ^»S^J 1 

fiStts 4 0 . M^jstts 5 0 . ^mm a o ^m-Amm u 

tc tt-^;^[pl (clf ^ # AT ffiSm 4" T® ^KM Sfr -3 
fc. Si^«£^fi8#Huatt, ffift^lsfMa^'lti- (VSM) 

m^^xiKOe(Dmm\zxm.imm^t^^. ^lo^mt^ 
miini^tbtz. m.mmmm.ijWr (vsm) ^m^^xmi 

o Tm<t#Btt:^iPi«a<btti^*<M.'^ 0 -> 7 h LT 

IM.^F*^^->7 hbfeE^ (C,^<i:D.^CC^(fW) 
[0 0 9 5] 0 7lC^$n«.1ijtlCfeViT. ^Wn'^iry 

yjuti^x. :^5xa«5±{cT^B7 (Ta : 5 

nm) . ?Sfi8ttB4 0 (N i F e ; i» ^ 1 0 nm) . tf 

>±!i>mtbX0K^m^m5 0 (Ru, Mn,oo-x ; 
»$1 5nm) . «S»8 0 (T a ; 5 nm) 

y;Uf^S(C^itoT«, S^ffiSttBS 0©Ru, Mn 

Ru©^^rJtx (.mmim^%) is^x^ 

3 0. j!f*L<«l 8^x^2 7«tEHTSJf;^Cie«Sr 
[0 0 9 6] fiiS. 01 OtCRu23MnvT^COXiK(51iff 
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[0 0 9 7] m.mm 2 

:^^xa«5±^cTiftli7 (Ta : i?^5 nm) , 

tt)i4 0 (N i F e ; 1 0 nm) . \^y±^mtL 
TOOK^KttliSO (Rux Rhy Mn, ; » $ 1 5 n 
m) , ffiSJiSO (Ta ;iif$5nm) ^S«»?>JI|| 

$)f::oTti. S?SKttIl5 OCORUx Rh^ Mn,, CD^fi 

^it (x. y, ^^nz\t^n^nw.^%) ^m^^^ 

iS^aifHuaS:*a6. 0 1 1 iC^^n^J: -S^cR u - R 

[0 0 9 8] 0 1 1 (C^^n-SRUx Rhy Mn, (Z) 3 
jtmt^^. 1^x^30, l^y^3 0, 6 9^2^9 
0, lO^x + y^ai (x, y, ^ ^XS z (DmtL\^W. 
^%) ) (Dmm. 43J:ti^'l^x^5 9, l^y^59, 
4 0^2^5 8, 4 2^x + y^6 Oc^jeHTjfja^Ci^ 
^tm^tl^'Chti^f^t^^o *fc, Ru-Mn-^Rh- 
MnC7)2x:l^(c|g3i7X^^bT(7)R h^/t^lR u^JP;^ 20 

«a^«gH 2 7c^ fc tt^TiSSB ffl {c ^ r f)^f) f}^ ^ o 
[0 0 9 9] ^^\Z. infECOaTC^CORhJC^AT. R 
h, Pt, Pd, Au, Ag, R 6 75^6 il^^nfc^>75:< 

[0 10 0] mi KD^JSMmzV.tzti^^X. 
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R u - R h - M n 3 xiH ic*5 ^ y D ^ > ^*iaST 
hCDj^^m^^f^l^tZo 2{C^ro HI 

2(DRUx Rhy Mnz (D^ytmti^^. 1^x^30, 
l^y^3 0, 6 9^z^90, 10^x + y^31 

(x, y, •^^xsz(Dw^m'^u^%) ) omm. 

1^x^59, l^y^5 9. 4 0^z^5 8, 4 2^ 
X + y ^ 6 0 C7)«fflTffi*TS5l/iy^D v^y^UmT b 

6 0-3 2 5T:) :^nt^n^:i^7^^:b;^^^o 

^ 1 6 0-^3 2 5t:{cSiJigir-5C<h;^i^'pJtgTa&'i)o 

43, 01 3lCRu22Rh8 MnvoMcOXiKlHliffOjiS^^ 

[0 10 1] mmms 

VX. :^^X»«5±{CT«6S7 (Ta;JP$5n 
m) . m.W&MA 0 (N i 8,Fe,9 ; /P^ 1 0 nm) , 
t:>±a6Bi:LTC0S:?^ffiS'l4H5 0 (Ru^ My Mn 
z ; i?^ 1 5 nm) , UMM^ 0 (Ta : 5 nm) 

^&umtf^^m^Amm\^fz^yzr)v^Y^m:\^tco 
^y'f)\^^m\z^rz^x\t. >K^attg5 0(7)Rux r 
hy Mn. co&^lt^a^^x.;t^t^(7)it>y;u^f^S 

^XT^;i/:^-cosS#.ic (Tc ) ^^n^n^}i>tzo M 
^^Tia^l tc^-To 

[0 10 2] 

[SI] 
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Hua 


Tb 


Jk 


SJS^S^ Tc 


Ho. 


(ml.in2. ni3) 


( X, y. z) 


(Oe) 


CC) 


(erg/cm^) 


(erg/cm* "C) 


1-1 


(Ru. ~. Hn) 


(18. 0.82) 


100 


200 


0. 08 


-5.0 X10-* 


1-2 


(Ru. Rh.Mn} 


( 5. 5.90) 


112 


165 


0. 09 


-5.3 X10-' 


1-3 


(Ru. Rh, m\) 


(10.10. 80) 


145 


250 


0. 11 


-5.1 X10-* 


1-4 


(Ru. Rh. Mn) 


( 5.15.80) 


150 


210 


0.12 


-3.0 xlD ' 


1-5 


(Ru. Rh. Mn) 


C 5.25.70) 


110 


170 


0.09 


-2.7 X10-' 


1-6 


(Ru. Rh, Hn) 


(15. 7.78) 


120 


210 


0.09 


-5.2 X10-* 


1-7 


(Ru. Rh, Hn) 


( 5.15.80) 


155 


210 


0.12 


-3.0 xlO" 


1-8 


(Ru, Rh, Hn) 


(20. 5.75) 


110 


180 


0. 09 


-2 7 X10-* 


1-9 


(Ru. Rh, Mn) 


(10.36.54) 


200 


240 


0.15 


-5.6 X10-* 


1-10 


(Ru,Rh.lfci) 


(40. 5.55) 


130 


250 


0.10 


-5.9 xio- 


1-11 


(Ru. Rh, Mn) 


( 4. 42. 54) 


155 


300 


0.12 


-6.1 xlO- 


1-12 


(Ru. Rh. Mn) 


(30.16.54) 


170 


250 


0.13 


-6 5 xlO * 


1-13 


(Ru. Pt. Mn) 


( 5. 5. 90) 


125 


220 


0.10 


-4.8 X10-* 


t-14 


(Ru, Pt. Mn) 


(10. 5,85) 


145 


260 


0.11 


-7.0 xlO" 


1-15 


(Ru. Pt. Mn) 


(10.10.80) 


152 


275 


0.12 


-4.5 xiO" 


1-16 


(Ru.Pt.lh) 


(15. 5.80) 


173 


280 


0.13 


-6 4 x10-« 


1-17 


(Ru Pt, Mn) 


(22. 23. 55) 


200 


400 


0-15 


-3.2 XIO" 


1-18 


(Ra Pt. Mn) 


(15. 31.54) 


230 


350 


a 16 


-3.0 XlO-' 


1-19 


(RuPdLlh) 


(10.10.80) 


110 


215 


ao9 


-7.0 xio- 


1-20 


(Ru. Au, Mn) 


(15. 5.80) 


105 


1S0 


0.08 


-6.5 xio-" 


1-21 


(Ru. Ag. Mn) 


( 5. 5. 90) 


110 


180 


. a 09 


-7.0 XlO-" 


1-22 


(Ru.Re.lh) 


(12. 7.81) 


120 


190 


0.09 


-6 3 XlO- 


1-23 


Ctfc«)(~.Rh, Mn) 


( 0. 5, 95) 


50 


60 


0.03 




1-24 at<S)(-- Fe.llr») 


( 0. 50. 50) 


100 


150 


0.08 


-2.6 XlO-* 


1-25 CH^(Ru.Rh.lli) 


(20. 42. 38) 


10 


20 


0.01 




1-26 OmXRuPt.Mn) 


(15, 25. 60) 


10 


SO 


0.01 





UniLm^ (ml, m2, m3) ibT«*3LTV^^„ JlfflfaS(C*tT^»i^^tt*^bT:fe 0 . S?fiMttBfC 

«1 iC7K$n^M*<tO. *^g«®ieffll^®3f^CD|a^ F eMn^ffllifc^OH. 8 0'C~1 3 o-CT«ias« 

t^^u^\^>±tbm i^^m^m) ^m\'^^ct\zj: ex i o-e r g/cm--= "ct^d. -y^ 

0. mu^mf^-^m^^mx'^^^t^^tDt^^, >^;n-3®fi««igcTc«. -5. 1 x 1 o-e r 

[0 10 3] ^<biz. ±E«i (cs^$n-5-y->y;ncii g/cm^ rinco. ^y-fjii-stim^^mzmti 

JUL-T. fcf >±e^jlS-47cm©Ru,oRhs PtsMn Tt/S^ d <i:75^'*D*^-5o 8 0 1:~ 1 3 O-CPsl-e 

^Lfc. ^(Dm^. ^mm^m^Hm=i sooe. zf •^mmvrzm^<Dmmum^m^Lxi,^^, 

uy^>ifumTh = 2 6 or. 3?^^^x^.;i.4=- J [0 10 5] mmMA 

k = 0. 1 2 erg/cm^ . *3cfcafSt^i^^X^^;i.:f-©ta 40 ±EllM^J3 tCiJV^T. ■t}->:/;H - 3 iC^Stl^ tf> 

mmik (Tc ) =-7X1 0-*erg/cm=' -CT^ofc, ih«6H UT©R u ,oR h .oMnsoM^ 

[0 104] ^tz. _hiB^i4'coit>y;n -3{cou mm-r^iz^.Lx. ^mm<DnmM.^^>tm^m^T'^ 

T. ^mf^-^x-^^ji^- J k tu&t<Dmm^m^. ^ >y;i/$f^^L (tJ->r;i/No. 2-i~-y->yjPN 

®i^7:7^01 4fC^Lfeo itiK^J<i:LTtf>il:46ll o. 2-7) . ^M^«S75t^ttl«®#tttCR«t-^S 

mmmm <&Fe-Mn^ (W^lSnm) \Z^X ^li^fc. ^i^\z. tf>il:J6)l (S?tj(Stt)») ODM^^ 

cfco. i^mm^y^M-x. Fe-Mn^stit-^Tfe® ^y^ji^i^mv i^yyjiNo. 2-8~-y->y;uN 

ti)T±^tji^ay^>irus,Th (2 sot:) ^tplx o. 2-3 2) . :^m^mmtm^m<D!^mz&ig.-rm 

(.»-5C<t*t^D*^.5 (Fe-Mn?S©Tb=l 5 CC) . ife**TIE^ 2 

$etc. 3S^jS-&x^;i,:^i-j ki^lHiagcjy^^cD 50 [Dice] 
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I 




5* ■ 



e 



1 

^ 

A 



SSSSgS||jgSS|g§SgS|ggS 

ii|iiigpigii|si§ 



i|ii|iiiS5ii|iii|i 



^3 vl^ w ^ 



V— ' V-/ ^ C5 ^ ^ ^ s3 ^ w 
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xxxxxxxxxx 
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CO 



*^ ^ ^ ir> 



OJ CM CM lO lO m 



i«-CMOcnr^cMc:>v»oo> 
r- uoiorrr^-ioioooooi— 

C3 QQ C3> C7> ^3 CO 0> iO 0> I 
CO CO CO O PTJ I 

y-x <^ % X— > /— % s 

£ £ £ £ ££££££ 

r +^ "o 3 r _c ttf >' 

1 o_ a. •< I cc fiu a. a. r 

g g g g g g g g g g 



CMCMCMCMCMCMCSlOQtfOCn 

I I I I I I I I I I 

CMC^CMCSIC4CM€MC<4CM04 



10 



30 
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iMn2\z^^ti^m^^^ . mm. mm. mn. ^tz 
[0 10 7] '^mm 5 

[0 10 8] 
[«31 



20 



(18) !RfM¥l 0-2 4 2 54 4 

33 34 



as 



Na aorr) (ppm) (°C) (erg/cm'') (erg/cm'' ^) 



3-1 




4.3 




2.0 


xlO" 


250 


0.11 


-5.1 


xlO- 


3-2 




6.B 


xlO-' 


1.0 


xlO-3 


260 


0.12 


-5.3 


X10-' 


3-3 




7-0 


xlO-'" 


7.0 


xlO-" 


280 


0.15 


-5.5 


X10-* 


3-4 




7.6 


xlO- 


1.0 


xlQ-" 


180 


0. 08 


-3.0 


xlO* 


3-5 




2.5 


xlO" 


3.0 


X10-* 


170 


0. 08 


-2.8 


xlO'' 


3-6 


am) 


7.6 


xlO'" 


3.0 


xlO" 


150 


0. 05 


-1.6 


xIO-« 


3-7 




8.2 


xlO* 


6.0 


X10-' 


140 


0.04 


-1.5 


xiO* 



tino>Bmtii&^ mm^ti ■. i x i o-'to r rR 

T ; JfiSi+OxK&tm^^i-ffi*^ 1 X 1 o r r jy. 

T) » 20 

[0 10 9] mmm & 

1 T i C) ©±(3. Ttm 7 (T a : 5 nm) . m. 

m.^m 2 0 . mm^^mm 3 0 (cu;ff$2. sn 
m) . mm.'&m4o. tf>ih*s mmmum) so, 

*5j:WS^8 0 (Ta;i?$5nm) ^HWAmmi-r 



i^lli£rTE«4{c*f. ;^c*5. ^SJ^tt. «4{c 

iZA^Itl-fjiy)^'^. - 3 0 0-3 0 OQe^X-mt-^ittct^ 

ffitrt* pmax , S/hJtJgtfC* P sat ib, J; 0 

Sbfc : AR/R= (pmax - losat ) X 1 0 0/psa 
t (%) . 

[0 110] 

[«4] 
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Hua 


Tb 




(JPS( A) ) 


(IPS( A) ) 


(^S( A) ) 


(K) 


(Oe) 


("C) 


4-1 


NiFe 


Co 




5.5 


480 


250 




(70) 


(20) 


(100) 








4-2 


(NiFe)BsCo,5/Co 


Co 




6.1 


500 


200 




(50/8) 


(30) 


(90) 








4-3 


(NiFe)BoCo,o/Co 


Co 




6.0 


420 


210 




(50/6) 


(30) 


(110) 








4-4 


NiFe 


(NiFe)8oCo7o 


RusPtisPAn 


5.7 


540 


255 




(70) 


(30) 


(120) 








4-5 


NiFe 


(MiFe)3oCo7o 




5.9 


510 


270 




(70) 


(25) 


(110) 








4-6 


NiFe 


(NIFe)6oCo6Q 


Rui oPdi oMn 


6.0 


410 


240 




(70) 


(30) 


(100) 








4-7 


NiFe 


(MiFe)5oCoao 


RuioAUl oMn 


5.7 


530 


200 




(70) 


(30) 


(110) 








4-8 


NiFe 


(NiFe)soCo6o 


Rut oAqi oMn 


5.1 


410 


180 




(70) 


(25) 


(120) 








4-9 


NiFe 


(NiFe)soCo5o 


Rui oRgi oMn 


5.8 


460 


205 




(70) 


(30) 


(120) 








4-10 (OMO NiFe 


NiFe 


Fe 5 oMn 5 0 


2.5 


400 


145 




(70) 


(30) 


(100) 








4-11 


(HM) NiFe 


Co 


N i 5 oNn 5 0 


Z9 


600 


250 




(70) 


(20) 


(200) 









^4 (c^$n-5>i^*J: 0 *%gao-9->:/;i/ttAif ;^MR 

mm.mz-h^mti'^h^. itt!c^jT^-2.-y->y;u4- 1 i 



[0 111] ^M^J7 

1 0 X 2 OmmCD;^?^X*«±(CitJ*. TES5tC^$ 

n^uj^SLCDKmm^mm.^ i o o ~ 1 5 o Km-^\zmf^ 

$tl-5=S-ti->y;KCOViT. Ag/AgC 1 

[0 112] 
[«5] 
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38 



as 







MA 




no. 




\ a; 




K-1 
0 1 




ion 


— 1 

lOU 




Dti Dk 11*^ 




_1 Oft 




D. . DU II. 


1 A/l 

luO 




5-4 


Dii Um 






5-5 


Rui oPt 1 oWn 


100 


-70 


5-6 


Rui oPdi oMn 


120 


-100 


5-7 


RuioAutpMn 


120 


-40 


5-8 


Rui oAqi oMn 


120 


-60 


5-9 


Rui oRgi oMn 


120 


-100 


5-10 Qkm 


NiFe 


100 


-150 


5-11 QkSSb 


Fe 


100 


-280 


5-12 Ot^) 


FeMn 


150 


-700 


5-13 OOD 


Co 


100 


-130 



1 5 0~-4 OmVi&^b. T'^T^fiF^tiiftttS: 

[0 113} -fiSitr. iE©g^«tiri:;^Cf3. 

<i:i/it)nTt/i-5>/t--7D-i'Tt)- 1 5 OmVgS-lrfe 
-So itfe^J(75F eMnti. - 7 0 0 m Vgffii:*^;^d; 0 ft 

[0 114] ^MgiJS 



Mista^i^ (AMR) ^-(■y(Dmm&.mmm^y\^=& 
[0 115] ST, A 1 2 03 Tmrn^^mizmn^vrz 

A 1 T i ca;K5C5±(C. TgR->-;U HT^SattS. 
A--i'7X$4A^feJ6cr)*^Jlttl2 0 tLXN i F e R 

h (psi 7nni) . mm^^mm (^ma^mm) 3 

OttTTa (J?$10nm) . ^^BSttB (fiS^^^ 
US) 4 OtVTN i F e 2 5 nm) . ffiSSS 

OibTTa (ff$5nm) * V i^;?. h D >X/t y rJ'^ 

[0 116] :;^t,iT. «ffiW8 0®±}C7;t hl^i^X h 
>±Jdli (R^tattW) 5 0 tUTORuisRhs Mn 



io^v^xhW^fe^Sb. lai 5}cs^$n-5J:5*«jt 

20 KSfl^Kbfeo fj:*5. HI 5(C«S^L.Tl'^;'.£l.i 

AI2 O3 4^^-yyM*:^bT±a5->-;l/H)liT 

[0 117] jgfiiS.^iJ 9 



30 



40 



50 
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LAIMS 



:iaim(s)] 

;;iaim 1] the magnetoresistance-effect element characterized by providing the following, and a conductor — the 
agnetic sensing element containing a fihn and the polar zone the above ~ a conductor ~ a film - the aforementioned 
)lar zone - minding — the aforementioned magnetoresistance-effect element ~ flowing ~ **** - the aforementioned 
agnetoresistance-effect element a non-magnetic metal layer The ferromagnetic layer formed in one field of a non- 
agnetic metal layer. The soft-magnetism layer formed in the field of another side of a non-magnetic metal layer, 
inning ****** formed on the ferromagnetic layer (the field which touches a non-magnetic metal layer, and field of an 
pposite side) in order to carry out pinning of the sense of magnetization of the aforementioned ferromagnetic layer. 
•'**** double ~ 

fc He :N * 9fe * 4c 4: 3ie * * 4c * 9k * He 9|c 4s * He 9(c He * * 9ie * * * * :|e 4( ♦ * i|e * 4e ^ 
:1c He He * 4c He He * He 4c He He He He 4: «9|c He He He xnCthod gUn **** ** 4c He He « He He He * He He « ♦ ^eam HcHe * He He He He He He * He He 

;:;iaim 2] For below the 5000 atom ppm and carbon concentration, the oxygen density contained in the layer is [ the 
brementioned pinning layer / below the 5000 atom ppm and sulfur concentration / below the 5000 atom ppm and the 
vel of chlorine ] the magnetic sensing element according to claim 1 it is [ sensing element ] below the 5000 atom 
pm. 

Dlaim 3] The aforementioned pinning layer is a magnetic sensing element according to claim 1 or 2 which consists of 

ux Rhy Mnz (l<=x<=30, l<=y<-30, 69<=z<=90, 10 <=x+y<=31 (the unit of x, and y and z is atomic %)). 

Z\mm 4] The aforementioned pinning layer is a magnetic sensing element according to claim 1 or 2 which consists of 

ux Pty Mnz (l<=x<=30, l<=y<=30, 69<=z<=90, 10 <=x+y<=31 (the unit of x, and y and z is atomic %)). 

;:iaim 5] The aforementioned pinning layer is a magnetic sensing element according to claim 1 or 2 which consists of 

ux My Mnz (M is at least one sort chosen fi-om Rh, Pt, Pd, Au, Ag, and Re, and is l<=x<=24, l<=y<=24, 

5<=z<=85, and 15 <=x+y<=25 (the unit of x, and y and z is atomic %)). 

Dlaim 6] The magnetic sensing element according to claim 1 to 5 whose blocking temperature of the aforementioned 
inning layer is 1 60 degrees C or more. 

;^laim 7] The switched connection energy of the aforementioned pinning layer and the aforementioned ferromagnetic 
lyer is 0.06 erg/cm2. Magnetic sensing element according to claim 1 to 6 which it is above. 

Ulaim 8] The magnetic sensing element according to claim 1 to 7 whose temperature coefficient of 80-130 degrees C 
; -2x10-4 - -8x10-4 erg/cm2 ** in the relation of the temperature-switched connection energy of the aforementioned 
inning layer and the aforementioned ferromagnetic layer. 

Illaim 9] The aforementioned magnetic multilayer is a magnetic sensing element according to claim 1 to 8 which is 
le film of the spin bulb type in which the huge magnetoresistance effect is shown. 

Z:iaim 10] The magnetic sensing element according to claim 9 which consists of material characterized by providing 
le following. The aforementioned soft-magnetism layer is the 1 st soft-magnetism layer which consists of an alloy 
/hich contains Co or Co 80% of the weight or more from a non-magnetic metal layer side. (Nix Fe 1-x) It is at least 
ne sort as which it has the 2nd soft-magnetism layer becoming (0.7<=x<=0.9, 0.5<=y<=0.8 (the unit of x and y is 
weight %)), and consisted of y Col-y, and the aforementioned non-magnetic metal layer was chosen from Au, Ag, and 
'u. 

Claim 1 1] The aforementioned magnetic multilayer is a magnetic sensing element according to claim 1 to 8 which is 
le film in which the anisotropy magnetoresistance effect is shown. 

Claim 12] It is the layer which the aforementioned soft-magnetism layer contains at least one sort out of Rh, Cr, Ta, 
Jb, Zr, and Hf into a NiFe alloy, and functions as a horizontal bias layer, and the aforementioned non-magnetic metal 
iyer is Ta, Ti, and aluminum 203. Or Si02 Magnetic sensing element according to claim 1 1 which is the layer which 
unctions as a nonmagnetic detached core in a shell. 
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laim 13] the magnetoresistance-effect element characterized by providing the following, and a conductor — the 
ignetic sensing element containing a film and the polar zone the above — a conductor ~ a film ~ the aforementioned 
lar zone — minding ~ the aforementioned magnetoresistance-effect element — flowing — the aforementioned 

ignetoresistance-effect element ~ a non-magnetic metal layer The ferromagnetic layer formed in one field of a non- 
ignetic metal layer. The soft-magnetism layer formed in the field of another side of a non-magnetic metal layer. 
aning ****** formed on the ferromagnetic layer (the field which touches a non-magnetic metal layer, and field of an 
posite side) in order to carry out pinning of the sense of magnetization of the aforementioned ferromagnetic layer, 
**** double - 

4c :|c**3|e3ie 4^4: He*** ********** ************************************************************************ 

HeHE4E:is4t4e9)G4eHGHe*He******** tncthod giui ** **** ** ************ tcam ****** ** ********** 

laim 14] For below the 5000 atom ppm and carbon concentration, the oxygen density contained in the layer is [ the 

Drementioned pinning layer / below the 5000 atom ppm and sulfiir concentration / below the 5000 atom ppm and the 

/el of chlorine ] the magnetic sensing element according to claim 13 it is [ sensing element ] below the 5000 atom 

»m. 

laim 15] The aforementioned pinning layer is a magnetic sensing element according to claim 13 or 14 which consists 
Rux Rhy Mnz (l<=x<=59, l<=y<=59, 40<=z<=58, 42 <=x+y<=60 (the unit of x, and y and z is atomic %)). 
laim 16] The aforementioned pinning layer is a magnetic sensing element according to claim 13 or 14 which consists 
*Rux Pty Mnz (l<=x<=59, l<=y<=59, 40<=z<=58, 42 <=x+y<=60 (the unit of x, and y and z is atomic %)). 
;iaim 17] The aforementioned pinning layer is a magnetic sensing element according to claim 13 or 14 which consists 
Rux My Mnz (M is at least one sort chosen fi-om Rh, Ft, Pd, Au, Ag, and Re, and is l<=x<=54, l<=y<=54, 
;<=z<=54, and 46 <=x+y<=55 (the unit of x, and y and z is atomic %)). 

'laim 18] The magnetic sensing element according to claim 13 to 17 whose blocking temperature of the 
brementioned pinning layer is 160 degrees C or more. 

'laim 19] The switched cormection energy of the aforementioned pinning layer and the aforementioned ferromagnetic 
yer is 0.06 erg/cm2. Magnetic sensing element according to claim 13 to 18 which it is above. 

;iaim 20] The magnetic sensing element according to claim 13 to 19 whose temperature coefficient of 80-130 degrees 
is -2x10-4 - -8x10-4 erg/cm2 ** in the relation of the temperature-switched connection energy of the aforementioned 
nning layer and the aforementioned ferromagnetic layer. 

];iaim 21] The aforementioned magnetic multilayer is a magnetic sensing element according to claim 13 to 20 which 
the film of the spin bulb type in which the huge magnetoresistance effect is shown. 

>laim 22] The magnetic sensing element according to claim 21 which consists of material characterized by providing 
e following. The aforementioned soft-magnetism layer is the 1 st soft-magnetism layer which consists of an alloy 
hich contains Co or Co 80% of the weight or more from a non-magnetic metal layer side. (Nix Fe 1-x) It is at least 
le sort as which it has the 2nd soft-magnetism layer becoming (0.7<=x<=0.9, 0.5<=y<=0.8 (the imit of x and y is 
eight %)), and consisted of y Col-y, and the aforementioned non-magnetic metal layer was chosen from Au, Ag, and 
u. 

I^laim 23] The aforementioned magnetic multilayer is a magnetic sensing element according to claim 13 to 20 which 
the film in which the anisotropy magnetoresistance effect is shown. 

I^laim 24] It is the layer which the aforementioned soft-magnetism layer contains at least one sort out of Rh, Cr, Ta, 
fb, Zr, and Hf into a NiFe alloy, and fimctions as a horizontal bias layer, and the aforementioned non-magnetic metal 
lyer is Ta, Ti, and aluminum 203. Or Si02 Magnetic sensing element according to claim 23 which is the layer which 
motions as a nonmagnetic detached core in a shell. 

Z!laim 25] the magnetoresistance-effect element characterized by providing the following, and a conductor — the 
lagnetic sensing element containing a film and the polar zone the above — a conductor ~ a film — the aforementioned 
olar zone ~ minding ~ the aforementioned magnetoresistance-effect element ~ flowing — ****-- the aforementioned 
lagnetoresistance-effect element — a non-magnetic metal layer The ferromagnetic layer formed in one field of a non- 
lagnetic metal layer. The soft-magnetism layer formed in the field of another side of a non-magnetic metal layer, 
inning **************** formed on the ferromagnetic layer (the field which touches a non-magnetic metal layer, 
nd field of an opposite side) in order to carry out pinning of the sense of magnetization of the aforementioned 
a^QiY)3gnetic layer double ******************************** method gun **** ** team 

:|e:{::|::|c:ic :|e:le 9|e 9|e 4: 9^ aic 4e ♦ i|c ♦ 

Claim 26] For below the 5000 atom ppm and carbon concentration, the oxygen density contained in the layer is [ the 
forementioned pinning layer / below tiie 5000 atom ppm and sulfiir concentration / below the 5000 atom ppm and the 
svel of chlorine ] the magnetic sensing element according to claim 25 it is [ sensing element ] below the 5000 atom 
ipm. 
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]laim 27] The aforementioned pinning layer is a magnetic sensing element according to claim 25 or 26 which consists 
'Rux Mn 100-x (18<=x<=27 (the unit of x is atomic %)). 

:iaim 28] The magnetic sensing element according to claim 25 to 27 whose blocking temperature of the 
brementioned pinning layer is 1 60 degrees C or more. 

:iaim 29] The switched connection energy of the aforementioned pinning layer and the aforementioned ferromagnetic 
yer is 0.06 erg/cm2. Magnetic sensing element according to claim 25 to 28 which it is above. 

'laim 30] The magnetic sensing element according to claim 25 to 29 whose temperature coefficient of 80-130 degrees 
is -2x10-4 - -8x10-4 erg/cm2 ** in the relation of the temperature-switched connection energy of the aforementioned 
nning layer and the aforementioned ferromagnetic layer. 

:iaim 31] The aforementioned magnetic multilayer is a magnetic sensing element according to claim 25 to 30 which 
the film of the spin bulb type in which the huge magnetoresistance effect is shown. 

;;iaim 32] The magnetic sensing element according to claim 31 which consists of material characterized by providing 
e following. The aforementioned soft-magnetism layer is the 1st soft-magnetism layer which consists of an alloy 
hich contains Co or Co 80% of the weight or more from a non-magnetic metal layer side. (Nix Fe 1-x) It is at least 
le sort as which it has the 2nd soft-magnetism layer becoming (0.7<=x<=0.9, 0.5<=y<=0.8 (the unit of x and y is 
eight %)), and consisted of y Col-y, and the aforementioned non-magnetic metal layer was chosen from Au, Ag, and 
u. 

;:!laim 33] The aforementioned magnetic multilayer is a magnetic sensing element according to claim 25 to 30 which 
the film in which the anisotropy magnetoresistance effect is shown. 

];iaim 34] It is the layer which the aforementioned soft-magnetism layer contains at least one sort out of Rh, Cr, Ta, 
b, Zr, and Hf into a NiFe alloy, and fiinctions as a horizontal bias layer, and the aforementioned non-magnetic metal 
yer is Ta, Ti, and aluminum 203. Or Si02 Magnetic sensing element according to claim 33 which is the layer which 
inctions as a nonmagnetic detached core in a shell. 

;:;iaim 35] Non-magnetic metal layer. The ferromagnetic layer formed in one field of a non-magnetic metal layer. The 
)ft-magnetism layer formed in the field of another side of a non-magnetic metal layer. The pinning layer formed on 
te ferromagnetic layer (the field which touches a non-magnetic metal layer, and field of an opposite side) in order to 
irry out pinning of the sense of magnetization of the aforementioned ferromagnetic layer. It is the magnetoresistance- 
5ect element equipped with the above, and is characterized by the aforementioned pinning layer consisting of Rux 
ly Mnz (M being at least one sort chosen from Rh, Pt, Pd, Au, Ag, and Re, and being l<=x<=30, l<=y<=30, 
?<=z<=90, and 10 <=xH-y<=3 1 (the irnit of x, and y and z being atomic %)), 

Illaim 36] For below the 5000 atom ppm and carbon concentration, the oxygen density contained in the layer is [ the 
forementioned pinning layer / below the 5000 atom ppm and sulfiir concentration / below the 5000 atom ppm and the 
)vel of chlorine ] the magnetoresistance-efifect element according to claim 35 it is [ element ] below the 5000 atom 
pm. 

I^laim 37] The aforementioned pinning layer is a magnetoresistance-effect element according to claim 35 or 36 which 
insists of Rux Rhy Mnz (l<=x<=30, l<=y<=30, 69<=z<=90, 10 <=x+y<=31 (the unit of x, and y and z is atomic 
dl 

Dlaim 38] The aforementioned pinning layer is a magnetoresistance-effect element according to claim 35 or 36 which 
insists of Rux Pty Mnz (l<=x<=30, l<==y<=30, 69<=z<=90, 10 <=x+y<=31 (the unit of x, and y and z is atomic %)). 

31aim 39] Non-magnetic metal layer. The ferromagnetic layer formed in one field of a non-magnetic metal layer. The 
3ft-magnetism layer formed in the field of another side of a non-magnetic metal layer. The pinning layer formed on 
le ferromagnetic layer (the field which touches a non-magnetic metal layer, and field of an opposite side) in order to 
any out pinning of the sense of magnetization of the aforementioned ferromagnetic layer. It is the magnetoresistance- 
ffect element equipped with the above, and the aforementioned pinning layer is characterized by consisting of Rux 
4y Mnz (M being at least one sort chosen from Rh, Pt, Pd, Au, Ag, and Re, and being l<=x<=59, l<=y<=59, 
0<=z<=58, and 42 <=x-i-y<=60 (the unit of x, and y and z being atomic %)). 

Claim 40] For below the 5000 atom ppm and carbon concentration, the oxygen density contained in the layer is [ the 
forementioned pinning layer / below the 5000 atom ppm and sulfiir concentration / below the 5000 atom ppm and the 
3vel of chlorine ] the magnetoresistance-effect element according to claim 39 it is [ element ] below the 5000 atom 
pm. 

Claim 41] The aforementioned pinning layer is a magnetoresistance-effect element according to claim 39 or 40 which 
onsists of Rux Rhy Mnz (l<=x<=59, l<=y<=59, 40<=z<=58, 42 <=x+y<=60 (the unit of x, and y and z is atomic 
^>)). 

Claim 42] The aforementioned pinning layer is a magnetoresistance-effect element according to claim 39 or 40 which 
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insists of Rux Pty Mnz (l<=x<=59, l<=y<=59, 40<=z<=58, 42 <=x+y<=60 (the unit of x, and y and z is atomic %)). 

:iaim 43] The aforementioned pinning layer is a magnetoresistance-effect element according to claim 39 or 40 which 
insists of Rux My Mnz (M is at least one sort chosen from Rh, Ft, Pd, Au, Ag, and Re, and is l<=x<=54, l<=y<=54, 
><=z<=54, and 46 <=x+y<=55 (the unit of x, and y and z is atomic %)). 

:iaim 44] Non-magnetic metal layer. The ferromagnetic layer formed in one field of a non-magnetic metal layer. The 
»ft-magnetism layer formed in the field of another side of a non-magnetic metal layer. The pinning layer formed on 
e ferromagnetic layer (the field which touches a non-magnetic metal layer, and field of an opposite side) in order to 
irry out pinning of the sense of magnetization of the aforementioned ferromagnetic layer. It is the magnetoresistance- 
fect element equipped with the above, and the aforementioned pinning layer is characterized by consisting of Rux 
Ji 100-x (15<=x<=30 (the unit of x being atomic %)). 

:iaim 45] For below the 5000 atom ppm and carbon concentration, the oxygen density contained in the layer is [ the 
brementioned pinning layer / below the 5000 atom ppm and sulfiir concentration / below the 5000 atom ppm and the 
vel of chlorine ] the magnetoresistance-effect element according to claim 44 it is [ element ] below the 5000 atom 
)m. 

:!laim 46] The aforementioned pinning layer is a magnetoresistance-effect element according to claim 44 or 45 which 
msists of Rux Mn 100-x (18<=x<=27 (the unit of x is atomic %)). 
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ETAILED DESCRIPTION 



)etailed Description of the Invention] 
001] 

Tie technical field to which invention belongs] this invention relates to magnetic sensing elements, such as a 
agnetoresistance-effect element which can read a small magnetic field change as a big electric resistance changing 
gnal especially among the magnetoresistance-effect elements for reading magnetic field strength, such as a magnetic- 
cording medium, as a signal, and a magnetoresistance-efifect type head using it. 
-002] 

)escription of the Prior Art] While the densification of magnetic recording progresses, the head only for read-out is 
placed for a magnetoresistance-efifect type head (an "MR head" is only called hereafter) fi"om the induction-type 
agnetic head. An MR head uses the magnetoresistance effect and senses by change of resistance, the flux reversal, 
J., the signal magnetic field, fi-om a record medium. Output voltage is given by the product of resistance change of the 
agnetoresistance-effect element ("MR element" is only called hereafter) which senses resistance change, and the 
:nsing current which flows MR element. Therefore, the large output voltage to sense can be taken and the value of 
itput voltage is further changed freely by the value of sensing current. Unlike this point and the induction-type 
agnetic head, output voltage is not dependent on the relative velocity of the head sensor section and a record medixrai. 

»003] The NiFe alloy is used for MR element fi-om which the flux reversal fi-om a record medium is sensed, and 
distance changes in an MR head conventionally. This NiFe alloy is excellent in the anisotropy magnetoresistance 
feet ("AMR" is only called hereafter), and since it is a soft magnetic material, its response by the minute magnetic 
eld is good. 

>004] However, two bias is needed in order for a NiFe alloy to carry out the operation optimal as a MR element. That 
, the horizontal bias given in parallel with a perpendicular and MR element flat surface is needed for a magnetic- 
jcording medium side the 1st so that the magnetic field responsibility of MR element may become alignment. This 
3rizontal bias is generated when sensing current is passed by the soft film bias layer (for example, it consists of 
iFeRh, NiFeCr, etc.) pasted up through the layer and magnetic-separation layer (for example, it consists of Ta etc.) of 
lis NiFe alloy. 

)005] The vertical bias for suppressing the bulk HAUZEN jump noise ("BHN" only being called hereafter) produced 
I case the many magnetic domains in MR element carry out magnetic-domain-wall movement by the response to a 
lagnetic field is needed for the 2nd. This vertical bias is given by the switched connection magnetic field ("Hua" is 
nly called hereafter) produced by the cascade screen of a NiFe alloy and antiferromagnetism material (for example, 
eMn) as for example, a MR element. This Hua is a magnetic field produced by the exchange interaction in the contact 
arface of a ferromagnetic material and antiferromagnetism material. 

)006] Vertical bias works by this switched connection into the NiFe alloy which is MR element, and as a result, the 
lagnetic-domain structxire of a NiFe alloy approaches a single magnetic domain, and controls BHN. 
)007] Since MR element of the MR head using such AMR is a NiFe alloy, magnetic-reluctance rate of change ("MR 
ite of change" is only called hereafter) is about 2 - 3%. Therefore, recentiy, the artificial grid film in which the huge 
lagnetoresistance effect ("GMR" is called hereafter) is shown as a film which changes to this NiFe, and the spin bulb 
Im (for example, 43 PHYSICAL REVIEW B, 1297 pages, 1991, and JP,4-358310,A) attract attention. Also in the 
Im in which GMR is shown, attention is especially attracted fiirther fi-om a spin bulb film being easy structure 
ompared with an artificial grid film, and a magnetic field of operation being small. The example which actually 
xamined this spin bulb film as a magnetoresistance-effect element of the magnetoresistance-effect type reproducing 
ead is also IEEE TRANSACTION ON MAGNETICS. 30 It is reported in a volume, 3801 pages, and 1994. This spin 
ulb film reported is a magnetic multilayer which joined the soft-magnetism layer (it is also called a fi-ee layer and 
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insists of NiFe(s) etc.) which answers a magnetic field, and the fixing layer which consists of two-layer films of 
rromagnetic layers (NiFe, CoFe, CoFeNi, etc.) and an antiferromagnetism layer (FeMn) through non-magnetic 
aterials (Cu, Au, Ag, etc.). This spin bulb film shows 3 - 1 0% of very high MR rate of change compared with a NiFe 
loy. When GMR of this spin bulb film has magnetization (Mf) of the soft-magnetism layer which can answer fi-eely 
a magnetic field, and parallel magnetization (Mp) of a fixing layer (two-layer film with which the magnetization 
rection is being fixed by Hua produced in the contact surface of a ferromagnetic layer and an antiferromagnetism 
yer), resistance of a spin bulb film becomes the minimum. It is resistance at this time RO It carries out. moreover, Mf 
[p anti- - in ****, resistance of a spin bulb film becomes the maximvim It is Rm about the resistance at this time. It 
irries out. The GMR rate of change at this time is (Rm-RO) / RO. It is given. 

'008] When the direction of both magnetization is parallel, the current which flows the inside of a spin bulb film does 

)t receive dispersion according [ an electron ] to spin by the interface of a non-magnetic layer and a soft-magnetism 

yer, and the interface of a non-magnetic layer and a fixing layer, and resistance serves as the minimum. 

'009] this - opposite - the direction of magnetization - anti- - in ****, the current which flows the inside of a spin 

lib film receives dispersion according [ an electron ] to spin by the interface of a non-magnetic layer and a soft- 

agnetism layer, and the interface of a non-magnetic layer and a fixing layer, and resistance increases 

•010] In any case, in the MR head using AMR, and the spin valve head (MR head) using GMR, a laminating and the 

»-called pinning operation of making it joining and producing Hua are required in a ferromagnetic and an 

itiferromagnetism film. In the MR head using AMR, in order to generate a vertical bias magnetic field and to control 

HN, pinning is performed, and in a spin valve head, since magnetization is fixed, pinning is performed. 

lOl 1] As a material of the antiferromagnetism film which produces Hua, it is [ gamma-FeMn alloys (USP No. 

103315 etc.), NiO, and ] alpha-Fe 203 fi-om the former. Mn gamma phase alloy (JP,60-32330,B) containing the 

ement chosen fi-om Fe, Co, Cu, germanium, nickel, Pt, and Rh is known. Moreover, what added Cr to FeMn is 

•oposed (USP No. 4755897 etc.). 

1012] However, it cannot say that the material of the above-mentioned antiferromagnetism film has corrosion 
distance or enough thermal stability, but the problem of degradation of Hua by corrosion and degradation of Hua by 
e temperature change arises. Moreover, in addition to the above-mentioned problem, in a spin bulb film, it is 
quested that blocking temperature (temperature fi-om which Hua becomes zero) is high. Furthermore, in order to 
jrform the so-called orthogonalization heat treatment in manufacture process, it is in within the limits with blocking 
mperature, and it is also requested that blocking temperature can be selected somewhat arbitrarily. 
)013] 

^roblem(s) to be Solved by the Invention] this invention is originated by the thing of such the actual condition, the 
arpose It excels in corrosion resistance and thermal stability. Offer of an antiferromagnetism layer (pinning layer) 
ith blocking temperature high [ that there is no degradation of Hua ] enough. Taking advantage of this 
Itiferromagnetism layer (pinning layer) property, it excels in corrosion resistance and thermal stability, magnetic field 
;nsitivity is high, and MR rate of change is to offer magnetic sensing elements, such as a magnetoresistance-effect 
ement which comes to have a magnetic large multilayer, and a magnetoresistance-eflfect type head using it. 
)014] 

cleans for Solving the Problem] In order to solve such a technical problem, this invention a magnetoresistance-effect 
ement and a conductor - the magnetic sensing element containing a film and the polar zone — it is - the above ~ a 
inductor — a film It has flowed with the aforementioned magnetoresistance-effect element through the 
cbrementioned polar zone, the aforementioned magnetoresistance-effect element A non-magnetic metal layer and the 
aromagnetic layer formed in one field of a non-magnetic metal layer. It has the magnetic multilayer which has the 
)ft-magnetism layer formed in the field of another side of a non-magnetic metal layer, and the pinning layer formed 
a the ferromagnetic layer (the field which touches a non-magnetic metal layer, and field of an opposite side) in order 
I carry out pinning of the sense of magnetization of the aforementioned ferromagnetic layer. The aforementioned 
inning layer consists of Rux My Mnz (M is at least one sort chosen fi-om Rh, Pt, Pd, Au, Ag, and Re, and is 
<=x<=30, l<=y<=30, 69<=z<=90, and 10 <=x+y<=31 (the unit of x, and y and z is atomic %)). 
)015] The oxygen density which contains the aforementioned pinning layer in the layer as a suitable mode of this 
ivention is constituted so that sulftir concentration may become below the 5000 atom ppm below the 5000 atom ppm 
id the level of chlorine may become [ below the 5000 atom ppm and carbon concentration ] below the 5000 atom 
pm. 

)016] As a suitable mode of this invention, the aforementioned pinning layer consists of Rux Rhy Mnz (l<=x<=30, 
<=y<=30, 69<=z<=90, 10 <=x+y<=31 (the unit of x, and y and z is atomic %)). 

)017] As a suitable mode of this invention, the aforementioned pinning layer consists of Rux Pty Mnz (l<=x<=30, 
<=y<=30, 69<=z<=90, 10 <=x+y<=31 (the unit of x, and y and z is atomic %)). 
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)018] As a suitable mode of this invention, the aforementioned pinning layer consists of Rux My Mnz (M is at least 
ae sort chosen from Rh, Pt, Pd, Au, Ag, and Re, and is l<=x<=24, l<=y<=24, 75<=z<=85, and 15 <=xH-y<=25 (the 
ait of X, and y and z is atomic %)). 

)019] As a suitable mode of this invention, it is constituted so that the blocking temperature of the aforanentioned 
inning layer may become 160 degrees C or more. 

)020] As a suitable mode of this invention, the switched connection energy of the aforementioned pinning layer and 
le aforementioned ferromagnetic layer is 0.06 erg/cm2. It is constituted so that it may become the above. 
)021] As a suitable mode of this invention, in the relation of the temperature- switched connection energy of the 
forementioned pinning layer and the aforementioned ferromagnetic layer, it is constituted so that the temperature 
^efficient of 80-130 degrees C may become -2x10-4 - -8x10-4 erg/cm2 **. 

)022] As a suitable mode of this invention, the aforementioned magnetic multilayer is constituted as a film of the spin 
ulb type in which huge magnetic reluctance is shown. 

)023] As a suitable mode of this invention, it sets on a spin bulb type film, the aforementioned sofl;-magnetism layer 
he 1st soft-magnetism layer which consists of an alloy which contains Co or Co 80% of the weight or more from a 
Dn-magnetic metal layer side, Have the 2nd soft-magnetism layer becoming (0.7<=x<=0.9, 0.5<=y<=0.8 (the unit of x 
id y is weight %)), and it consists of y Col-y. (Nix Fe 1-x) The aforementioned non-magnetic metal layer consists of 
laterial containing at least one sort chosen from Au, Ag, and Cu. 

)024] As a suitable mode of this invention, the aforementioned magnetic multilayer is constituted as a film in which 
le anisotropy magnetoresistance effect is shown. 

)025] As a suitable mode of this invention, it is the layer which the aforementioned soft-magnetism layer contains at 
last one sort out of Rh, Cr, Ta, Nb, Zr, and Hf into a NiFe alloy, and fiinctions as a horizontal bias layer in the film in 
hich the anisotropy magnetoresistance effect is shown, and the aforementioned non-magnetic metal layer is Ta, Ti, 
id aluminum 203. Or Si02 It is constituted so that it may be the layer which fimctions as a nonmagnetic detached 
Dre in a shell. 

)026] moreover, this invention — a magnetoresistance-effect element and a conductor — the magnetic sensing element 
Dntaining a film and the polar zone — it is — the above — a conductor — a film It has flowed with the aforementioned 
lagnetoresistance-eflfect element through the aforementioned polar zone, the aforementioned magnetoresistance-effect 
iement A non-magnetic metal layer and the ferromagnetic layer formed in one field of a non-magnetic metal layer, It 
as the magnetic multilayer which has the soft-magnetism layer formed in the field of another side of a non-magnetic 
letal layer, and the pinning layer formed on the ferromagnetic layer (the field which touches a non-magnetic metal 
lyer, and field of an opposite side) in order to carry out pinning of the sense of magnetization of the aforementioned 
OTomagnetic layer. The aforementioned pinning layer consists of Rux My Mnz (M is at least one sort chosen from 
h, Pt, Pd, Au, Ag, and Re, and is l<=x<=59, l<=y<=59, 40<=z<=58, and 42 <=x+y<=60 (the unit of x, and y and z is 
comic %)). 

)027] As a suitable mode of this invention, the aforementioned pinning layer consists of Rux Rhy Mnz (l<=x<=59, 
<=y<=59, 40<=z<=58, 42 <=x+y<=60 (the unit of x, and y and z is atomic %)). 

)028] As a suitable mode of this invention, the aforementioned pinning layer consists of Rux Pty Mnz (l<=x<=59, 
<=y<=59, 40<=z<=58, 42 <=x+y<=60 (the unit of x, and y and z is atomic %)). 

)029] As a suitable mode of this invention, the aforementioned pinning layer consists of Rux My Mnz (M is at least 
ne sort chosen from Rh, Pt, Pd, Au, Ag, and Re, and is l<==x<=54, l<==y<=54, 45<=z<=54, and 46 <=x+y<=55 (the 
nit of X, and y and z is atomic %)). 

)030] moreover, this invention — a magnetoresistance-effect element and a conductor — the magnetic sensing element 
Dntaining a film and the polar zone ~ it is — the above — a conductor — a film It has flowed with the aforementioned 
lagnetoresistance-effect element through the aforementioned polar zone, the aforementioned magnetoresistance-effect 
lement A non-magnetic metal layer and the ferromagnetic layer formed in one field of a non-magnetic metal layer. It 
as the magnetic multilayer which has the soft-magnetism layer formed in the field of another side of a non-magnetic 
letal layer, and the pinning layer formed on the ferromagnetic layer (the field which touches a non-magnetic metal 
lyer, and field of an opposite side) in order to carry out pinning of the sense of magnetization of the aforementioned 
jrromagnetic layer. The aforementioned pinning layer consists of Rux Mn 100-x (15<=x<=30 (the unit of x is atomic 
o)). 

3031] As a suitable mode of this invention, the aforementioned pinning layer consists of Rux Mn 100-x (18<=x<=27 
he unit of x is atomic %)). 

3032] Moreover, the ferromagnetic layer by which this invention was formed in one field of a non-magnetic metal 
lyer and a non-magnetic metal layer, It is the magnetoresistance-effect element which comes to have the magnetic 
lultilayer which has the soft-magnetism layer formed in the field of another side of a non-magnetic metal layer, and 
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e pinning layer formed on the ferromagnetic layer (the field which touches a non-magnetic metal layer, and field of 
1 opposite side) in order to carry out pinning of the sense of magnetization of the aforementioned ferromagnetic layer, 
he aforementioned pinning layer consists of Rux My Mnz (M is at least one sort chosen fi-om Rh, Pt Pd Au Ag and 
e, and is l<=x<=30, l<=y<=30, 69<=z<=90, and 10 <=x+y<=31 (the unit of x, and y and z is atomic %)). 
1033] Moreover, the ferromagnetic layer by which this invention was formed in one field of a non-magnetic metal 
yer and a non-magnetic metal layer, It is the magnetoresistance-effect element which comes to have the magnetic 
lultilayer which has the soft-magnetism layer formed in the field of another side of a non-magnetic metal layer, and 
le pinning layer formed on the ferromagnetic layer (the field which touches a non-magnetic metal layer, and field of 
1 opposite side) in order to carry out pinning of the sense of magnetization of the aforementioned ferromagnetic layer, 
le aforementioned pinning layer It consists of Rux My Mnz (M is at least one sort chosen fi-om Rh, Pt, Pd, Au, Ag, 
id Re, and is l<=x<=59, l<=y<=59, 40<=z<=58, and 42 <=x+y<=60 (the unit of x, and y and z is atomic %))'. 
)034] Moreover, the ferromagnetic layer by which this invention was formed in one field of a non-magnetic metal 
.yer and a non-magnetic metal layer. It is the magnetoresistance-effect element which comes to have the magnetic 
lultilayer which has the soft-magnetism layer formed in the field of another side of a non-magnetic metal layer, and 
le pinning layer formed on the ferromagnetic layer (the field which touches a non-magnetic metal layer, and field of 
a opposite side) in order to cany out pinning of the sense of magnetization of the aforementioned ferromagnetic layer 
le aforementioned pinning layer It consists of Rux Mn 100-x (15<=x<=30 (the unit of x is atomic %)). 
)035] According to the above-mentioned this invention, a pinning layer (antiferromagnetism layer) is constituted fix)m 
imposition of a Ru-Mn system or a Ru-M-Mn system. (At least one sort as which M was chosen fi-om Rh, Pt, Pd, Au, 
.g, and Re) Further Since the high impurity concentration of a pinning layer is also specified, it excels in airrosion 
jsistance and thermal stability, and magnetic field sensitivity is high and offer of magnetic sensing elements, such as a 
lagnetoresistance-efifect element for which MR rate of change has a magnetic large multilayer, and a 
lagnetoresistance-efifect type head using it, can be realized. 
)036] 

fhe mode of implementation of invention] Hereafter, the mode of concrete operation of this invention is explained in 
etail. 

)037] Drawing 1 is the cross section showing a suitable example of the magnetoresistance-effect element 3 of this 
ivention. In the mode of this operation, the magnetoresistance-effect element 3 comes to have a magnetic multilayer 
:br the magnetic multilayer 1 to only be called below) as a spin bulb film in which the huge magnetoresistance effect 
I shown. The ferromagnetic layer 40 by which the magnetic multilayer 1 was formed in one field of the non-magnetic 
letal layer 30 and this non-magnetic metal layer 30 as shown in drawing 1 , It is on the ferromagnetic layer 40 (when 
"when" ] saying here) in order to carry out pinning of the sense of magnetization of the soft-magnetism layer 20 
jrmed in the field of another side of the non-magnetic metal layer 30, and the ferromagnetic layer 40. The layered 
roduct stiTJCture of having the pinning layer 50 formed for meaning the field which touches the non-magnetic metal 
lyer 30, and the field of an opposite side is made. 

)038] As these layered products are shown in drawing J , usually, it is formed on a substrate 5 and tiie laminating of 
lese is carried out to the order of the soft-magnetism layer 20, the non-magnetic metal layer 30, the ferromagnetic 
lyer 40, and the pinning layer 50 tiirough the ground layer 7 fi-om the substi-ate 5 side. On this pinning layer 50, the 
rotective layer 80 for antioxidizing is usually formed like illustration. 

)039] In the magnetic multilayer 1 (spin bulb film) in the mode of this operation, it is required for tiie sense of mutual 
lagnetization of the soft-magnetism layer 20 and the ferromagnetic layer 40 which were adjoined and formed in the 
oth sides through the non-magnetic metal layer 30 according to the sense of the signal magnetic field added fi-om the 
utside to differ substantially. The reason is that it is in the greatest resistance being shown when dispersion for which 
onduction elecfaion depended on spin when the sense of the magnetization of the soft-magnetism layer 20 and the 
aromagnetic layer 40 in which the principle of this invention was formed through the non-magnetic metal layer 30 
ad shifted is received, resistance increases and the sense of magnetization turns to a retrose mutually. That is, in this 
ivention, as shown in drawing 2 , the signal magnetic field fi-om the outside adds (it goes fi-om the recording surface 
3 of a record medium 90, and when it is upward (expressed with a sign 92), the component of a retrose arises [ the 
irection of magnetization of a ******** magnetic layer ] mutually, and resistance increases.). 
D040] Here, the external signal magnetic field fi-om the magnetic-recording medium in the magnetic multilayer used 
or the magnetoresistance-effect element of this invention (spin bulb), the direction of mutual magnetization of the 
oft-magnetism layer 20 and the ferromagnetic layer 40, and the relation of change of electiic resistance are explained. 
0041] It explains referring to drawing 2 about the case where it is the simpleest magnetic multilayer in which 1 set of 
oft-magnetism layers 20 and the ferromagnetic layer 40 exist through one non-magnetic metal layer 30, as shown in 
Jawing.1 , in order to make an understanding of this invention easy now. 
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1042] As shown in drawing 2 , pinning of the ferromagnetic layer 40 is carried out in the direction of facing down in 
e magnetization toward the medium side by the method described later (sign 41). Since another soft-magnetism layer 
) is formed through the non-magnetic metal layer 30, the magnetization direction changes the sense by the signal 
agnetic field from the outside (sign 21). At this time, the relative angle of magnetization of the soft-magnetism layer 
) and the ferromagnetic layer 40 changes with the sense of the signal magnetic field from the magnetic-recording 
tedium 90 a lot. Consequently, the degree on which the conduction electron which flows in a magnetic layer is 
mattered changes, and electric resistance changes a lot. 

1043] Big MR in which a mechanism essentially differs from flie anisotropy magnetoresistance effect of a permalloy 
i this (Magneto-Resistance) An effect is acquired. 

1044] The sense of magnetization of the soft-magnetism layer 20, the ferromagnetic layer 40, and the pinning layer 50 
lat shows the pinning effect changes relatively to an external magnetic field. Change of the sense of tiiose 
lagnetization makes it correspond to a magnetization curve and MR curve, and is shown in drawing 3 . Here, all 
tagnetization of the ferromagnetic layer 40 is being fixed in the minus direction (going from the recording surface of a 
jcord medium 90 facing down) by the pinning layer 50. When an external signal magnetic field is minus, 
tagnetization of the soft-magnetism layer 20 also tums to the minus direction. In order to simplify explanation now, 
X coercive force of the soft-magnetism layer 20 and the ferromagnetic layer 40 be a value near 0. On the other hand, 
; for the magnetization direction of both the magnetic layers of the soft-magnetism layer 20 and the ferromagnetic 
yer 40, the signal magnetic field H has still turned to ** in the field (I) of H< 0. 

)045] If an external magnetic field is raised and H exceeds the coercive force of tiie soft-magnetism layer 20, the 
tagnetization direction of a soft-magnetism layer will be rotated in the direction of a signal magnetic field, and 
lagnetization and electric resistance will increase along with the sense of each magnetization of the soft-magnetism 
yer 20 and the ferromagnetic layer 40 serving as anti-parallel. And it becomes constant value (state of a field (II)). At 
lis time, a certain pinning magnetic field Hua is working by the pinning layer 50. If a signal magnetic field exceeds 
lis Hua, magnetization of the ferromagnetic layer 40 will also rotate in the direction of a signal magnetic field, and in 
field (III), on the other hand, each magnetization direction of the soft-magnetism layer 20 and the ferromagnetic layer 
3 gathers, and it tums [ direction ] to **. At this time, MR curve is set to 0 by^magnetization at a certain constant 
alue. 

)046] Conversely, when the signal magnetic fields H decrease in nxmiber, in connection with the flux reversal of the 
)ft-magnetism layer 20 and the ferromagnetic layer 40, it changes from a field (III) one by one with (II) and (I) like 
)rmer. Receiving dispersion for which conduction electron depended on spin in the first portion of a field (II) here, 
ssistance becomes large. Although flux reversal hardly carries out since pinning of the ferromagnetic layer 40 is 
irried out among fields (II), in order for the soft-magnetism layer 20 to make the magnetization increase linearly, it 
3rresponds to magnetization change of the soft-magnetism layer 20, and the rate of the conduction electron which 
jceives dispersion depending on spin becomes large gradually, namely, the soft-magnetism layer 20 - for example, 
ickel0.8Fe0.2 with small He choosing and giving the suitable anisotropy magnetic field Hk - several [ below near ' 
:k ] - Oe - a number - the magnetic multilayer which shows resistance rate of change linear [ resistance change ] and 
ig in the smallness external magnetic field of the range of lOOe is obtained 

)047] There is a respectively suitable range in the thickness of each thin film layer in this invention. The thickness of 
non-magnetic metal layer has the good range of 15-40A. If the thickness of a non-magnetic metal layer becomes 
licker than 40A, since the rate of the conduction electron which flows only in this layer will increase and the whole 
IR change will become small, it is inconvenient. Moreover, if this thickness becomes thinner than 15 A, the 
jrromagnetism-magnetic coupling between the soft-magnetism layer 20 and the ferromagnetic layer 40 will become 
xong, and the anti-parallel state of the spin for realizing the big MR effect will no longer be acquired. On the other 
and, since conduction electron receives dispersion in an interface portion with a non-magnetic metal layer the soft- 
lagnetism layer 20, and the ferromagnetic layer 40, even if the thickness of these two magnetic layers 20 and 40 
ecomes thicker than 200A, tiiere is no improvement in a substantial effect. Since tiie whole thickness becomes thick 
ither, it is inconvenient. As for the thickness of the magnetic layers 20 and 40 two-layer [ these ], considering as 16A 
r more is desirable. If it becomes thinner than this, thermal resistance and processing resistance will deteriorate. 
)048] Hereafter, each composition of the magnetoresistance-effect element 3 mentioned above is explained in detail, 
lie first focus in this magnetoresistance-effect element is in composition of the pinning layer 50. 
)049] The pinning layer 50 of tiiis invention is Rux My Mnz. A system (at least one sort as which M was chosen from 
Jh, Pt, Pd, Au, Ag, and Re), or Rux Mn 1-x It consists of a system. 

3050] First, it is Rux My Mnz to the beginning. The pinning layer 50 which consists of a system is explained. In this 
ystem, as mentioned above, it is at least one sort of elements chosen from Rh, Pt, Pd, Au, Ag, and Re, M of 3 yuan 
ecomes composition of a system, when one sort of M is accepted and is selected, and when two or more sorts of M is 
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jlected, it becomes the composition more than a 4 yuan system. It sets in all the ranges of Above M, and is a book. 

)051] Rux My Mnz About a system, x, and y and z show the rate of composition of each element, respectively, and a 
Qit is atomic %. Rux My Mnz of this invention In a system, it roughly divides and two suitable composition ranges 
tist. One of them is (1) 1 <=x <=30, l<=y<=30, 69<=z<=90, and the range specified by 10 <=x+y<=31, and another 
(2) 1 <=x <=59, l<=y<=59, 40<=z<=58, and the range specified by 42 <=x+y<=60. 

)052] The above (1) In l<=x<=30, l<=y<=30, 69<=z<=90, and the range specified by 10 <=x+y<=31 preferably It is 
<=x<=24, l<=y<=24, 75<=z<=85, and the range specified by 15 <=x+y<=25, and they are l<=x<=22, l<=y<=22, 
7<=z<=82, and the range specified by 1 8 <=x+y<=23 more preferably. In such a composition range, if the value of z 
ecomes under 69 atom % and the value of x+y exceeds 31 atom %, un-arranging [ that both the value of the switched 
Dnnection magnetic field Hua and the blocking temperature Tb (it defines as temperature fi-om which the value of Hua 
nrves as zero) will fall ] will arise. Moreover, if the value of x+y becomes [ the value of z ] vmder 10 atom % 
•cceeding 90 atom %, it will also produce un-arranging [ that both the value of the switched connection magnetic field 
:ua and the blocking temperature Tb fall, and corrosion resistance falls with the increase in Mn like the above 
irther ]. In this composition range, it is thought that the irregular alloy of M and Mn is formed, therefore the switched 
jnnection magnetic field Hua with an example of antiferromagnetism good [ the pinning layer 50 whole ] is acquired, 
loreover, the temperature of the blocking temperature Tb can be arbitrarily set up in 160 degrees C - 250 degrees C 
y adjusting composition in 10 <=x+y<=31. By this, magnetization required for a spin bulb film can be orthogonalized 
noothly (magnetization of the soft-magnetism layer 20, and orthogonalization of magnetization of the ferromagnetic 
tyer 40 (at the time of external magnetic field zero)). 

)053] The above (2) In l<=x<=59, l<=y<=59, 40<=z<=58, and the range specified by 42 <=x+y<=60 preferably 
hey are l<=x<=57, l<=y<=57, 42<=z<=57, and the range specified by 43 <=x+y<=58. more preferably They are 
<=x<=54, l<=y<=54, 45<=z<=55, 45 <=x+y<=55, and l<=x<=54, l<=y<=54, 45<=z<=54 and the range specified 
y 46 <=x+y<=55 fiulher more preferably. In such a composition range, the very good switched connection magnetic 
eld Hua, the blocking temperature Tb, and corrosion resistance are shown. In such a composition range, if the value 
f z becomes under 40 atom % and the value of x+y exceeds 60 atom %, xm-arranging [ that the value of the switched 
Dnnection magnetic field Hua will decrease rapidly ] will arise. Moreover, if the value of x+y becomes [ the value of 
] under 42 atom % exceeding 58 atom %, un-arrangmg [ that the value of the switched connection magnetic field Hua 
'ill decrease rapidly ] will arise like the above. This (2) In l<=x<=59, l<=y<=59, 40<=z<=58, and the range specified 
y 42 <=x+y<=60, in order that Mn and other elements may form the ordered alloy of abbreviation 1 :1, it is thought 
lat the extremely excellent switched connection magnetic field Hua and the blocking temperature Tb are shown. Since 
lere are still few amounts of Mn, corrosion resistance is also what was extremely excellent. Moreover, the 
mperature of Tb can be arbitrarily set up in 160 degrees C - 400 degrees C by adjusting composition in 42 
=x+y<=60. By this, magnetization required for a spin bulb film can be orthogonalized smoothly (magnetization of the 
3ft-magnetism layer 20, and orthogonalization of magnetization of the ferromagnetic layer 40 (at the time of external 
lagnetic field zero)). 

)054] Subsequently, Rux Mn 100-x The pinning layer 50 which consists of a system is explained, the pinning layer 50 
f this 2 yuan system - setting - the range of x (the unit of x is atomic %) - 15<=x<=30 - desirable - 18<=x<=27 - 
is more preferably set as 20<=x<=25 If this value of x becomes under 15 atom % or exceeds 30 atom %, the 
ivitched connection magnetic field Hua decreases and is not desirable. In addition, if this Ru-Mn system is made to 
dd the above-mentioned M, the switched connection magnetic field Hua and the blocking temperature Tb will 
nprove to like [ above-mentioned ]. 

)055] Especially the blocking temperature Tb of the pinning layer 50 mentioned above is 160-400 degrees C, and 
lows 160 degrees C or more of very high thermal stability (incidentally FeMn used conventionally is about 150 
egrees C). 

)056] moreover, the switched connection energy Jk of the pinning layer 50 and the aforementioned ferromagnetic 
lyer 40 which are used by this invention - 0.06 erg/cm2 the above - especially ~ 0.08 - 0.18 erg/cm2 ** - the very 
igh value to say is shown This switched connection energy Jk shows the strength (pinning is carried out) which fixes 
lagnetization of the ferromagnetic layer 40, and the switched connection energy Jk is searched for by x(ferromagnetic 
lyer saturation magnetization) (Hua) x (thickness). 

3057] Furthermore, in the relation of the temperature-switched connection energy of the pinning layer 50 and the 
aromagnetic layer 40, the temperature coefficient Tc of 80-130 degrees C has a desirable thing in the range of -2x10- 
- -8x10-4 erg/cm2 ** fi-om a viewpoint of temperature stability. This temperature coefficient Tc is defined as 
3II0WS. That is, in the graph which shows the relation of the temperature T-switched connection energy Jk, the 
rithmetic mean of the value, 80 degrees C and 130 degrees C, of two points which calculated two points and was 
alculated is carried out for differential value d(Jk)/d (T) within the limits of 80-130 degrees C, and this average is 
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ifined as a temperature coefficient Tc value. 

058] It is good to constitute that below 3000 atom ppm and sulfur concentration is [ the oxygen density which 
rthermore contains the pinning layer 50 in the layer / below the 3000 atom ppm and the level of chlorine ] below the 
100 atoms ppm below the 5000 atom ppm below the 5000 atom ppm below the 5000 atom ppm preferably below the 
)00 atom ppm for below 3000 atom ppm and carbon concentration. If an oxygen density becomes high, Mn contained 
the piiming layer 50 will oxidize, and the properties (for example, Hua, Tb, Jk, etc.) as an antiferromagnetism layer 
ill deteriorate. Moreover, the magnetic properties of the ferromagnetic layer 40 by which a laminating is carried out 
contact with this piiming layer 50 deteriorate, and it has a bad influence also on thermal resistance. Similarly, if the 
rbon in the pinning layer 50, sulfur, and chlorine also exceed the above-mentioned concentration, the property as an 
itiferromagnetism layer will be degraded. Therefore, it is necessary to set up thin film formation conditions so that 
e above-mentioned high impurity concentration may not be exceeded. In addition, it is desirable for there to be no 
nit in the minimum of the above-mentioned high impurity concentration, and to bring close to zero as much as 
)ssible. 

059] As for the thickness of this piiming layer 50, it is preferably good more preferably to consider [ 50A - lOOOA / 
)A - 800A / 70A - 500A ] as the range of 70A - 300A still more preferably. If the thickness of the pinning layer 50 
jcomes thinner than 5 OA, the switched connection magnetic field Hua and the blocking temperature Tb will become 
nail rapidly. If too not much thick, the gap length (length during a shield-shield) as an MR head will become large, 
id it will stop conversely, being overly suitable not much for high-density magnetic recording, although a thick part is 
tisfactory. Therefore, the one smaller than lOOOA is good. 

»060] Such a pinning layer 50 is formed using methods, such as the ion beam spatter method, the sputtering method, a 
actant vacuum deposition, and a molecular beam epitaxy method (MBE). There is especially no limitation in these 
Im production method. 

»061] Although the aforementioned ferromagnetic layer 40 consists of the alloys and compounds containing Fe, 
ckel, Co, Mn, Cr, Dy, Er, Nd, Tb, Tm, Ce, Gd(s), etc. and these elements, it is desirable to constitute from 
)mposition especially expressed with w Fe(Coz nickell-z)l-w (however, it is 0.4<=z<=L0 and 0.5<=w<=1.0 by the 
eight). If it separates from these composition ranges, un-arranging [ that change of big electric resistance is no longer 
stained ] will arise. 

>062] 16- 100 A of thickness of such a ferromagnetic layer 40 is more preferably made into 20-60 A. If this value 
scomes less than 16 A, the prop^ty as a magnetic layer will be lost. On the other hand, if this value exceeds lOOA, the 
inning force from the aforementioned pinning layer 50 will become small, and the pinning effect of the spin of this 
aromagnetic layer will no longer be acquired fully. 

)063] Since such a ferromagnetic layer 40 is directly in contact with the pinning layer 50 like the interaction 
stween direct layers works to both, and magnetization rotation of the ferromagnetic layer 40 is prevented. On the 
flier hand, the soft-magnetism layer 20 explained in full detail behind can rotate the magnetization freely by the signal 
magnetic field from the outside. Consequently, an angle relative to magnetization of both soft-magnetism layer 20 and 
jrromagnetic layer 40 is produced, and the big MR effect resulting from the difference in the sense of this 
lagnetization is acquired. 

)064] The aforementioned soft-magnetism layer 20 becomes that it is [ the standup of MR curve ] steeper to use a 
lagnetic layer with small coercive force He although it consisted of the alloys and compounds containing Fe(s), 
ickel, Co(es), etc. which show a soft-magnetism property, and these elements, and a desirable result is obtained. It is 
a especially desirable mode to make it the two-layer structure where the soft-magnetism layer 20 is shown below, 
hat is, it constitutes from a non-magnetic metal layer 30 side as a two-layer layered product of the 1st soft-magnetism 
lyer which consisted of alloys which contain Co (cobalt) simple substance or Co 80% of the weight or more, and the 
nd soft-magnetism layer which is the composition expressed with y Co(Nix Fe l-x)l -y (however, a weight 
.7<=x<=0.9, 0.5<=y<=0.8), considering as such composition - Co - the 1st rich soft-magnetism layer can work as a 
iffusion blocking layer, and diffusion of nickel can be prevented from a 2nd soft-magnetism layer side to the non- 
lagnetic metal layer 30 side moreover, Co - the 1st rich soft-magnetism layer also discovers the effect that MR rate of 
hange improves in order to increase the electronic scattering power force In addition, in order to maintain soft 
lagnetism, the 2nd soft-magnetism layer is above-mentioned composition within the limits, and is formed. 
3065] 20-1 50A of 30-120A of thickness of such a soft-magnetism layer 20 is preferably made into 50-lOOA still more 
referably. If this value becomes less than 20A, the property as a good soft-magnetism layer will not be acquired. On 
le other hand, if this value exceeds 150A, the thickness of the whole multilayer will become thick, resistance of the 
lagnetic whole multilayer will become large, and the MR effect will decrease, in addition - the case where the soft- 
lagnetism layer 20 is made into a two-layer layered product as mentioned above - Co - what is necessary is just to 
ecure 4A or more of 1 st rich soft-magnetism layer thickness 
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•066] The non-magnetic metal layer 30 which intervenes between such a soft-magnetism layer 20 and the 
•orementioned ferromagnetic layer 40 has a conductive desirable metal, in order to draw an electron efficiently, at 
ast one sort more specifically chosen from Au, Ag, and Cu, or these at least one or more sorts - more than 60wt% - 
le included alloy is mentioned 

)067] As for the thickness of such a non-magnetic metal layer 30, it is desirable that it is 15-40A. If this value 
3Comes 15A or less, the soft-magnetism layer 20 and the ferromagnetic layer 40 which are arranged through this thing 
ill carry out switched connection, and un-arranging of the spin of the soft-magnetism layer 20 and the ferromagnetic 
yer 40 stopping fiinctioning independently, respectively will arise. If this value exceeds 40A, the rate of the electron 
:attered about by the interface of the soft-magnetism layer 20 located up and down and the ferromagnetic layer 40 
ill decrease, and un-arranging [ that reduction of MR rate of change will take place ] will arise. 
)068] A protective layer 80 prevents oxidization of the magnetic multilayer fi-ont face in the process of a membrane 
•rmation process, it is formed for the purpose of wettability with the electrode material formed in the upper part, and 
nprovement in adhesion intensity, and this thing is formed fi-om material, such as Ti, Ta, W, Cr, Hf, Zr, and Zn ' 
hickness is usually made into about 30-300A. 

)069] a substrate 5 ~ glass, silicon, MgO, GaAs, a ferrite, ARUTIKKU, and CaTi03 etc. ~ it is formed of material 
hickness is usually set to about 0.5- 10mm. 

)070] The quality of the material and thickness of each class are specified as mentioned above, fiirther at least, on the 
her hand, an external magnetic field is impressed to **, and the thing in the fihn surface later mentioned at the time 
f membrane formation of the soft-magnetism layer 20 done for the 2-lOOe grant of the anisotropy field Hk especially 
lore preferably two to 20 Oe is desirable two to 1 6 Oe. 

)071] If the anisotropy field Hk of a soft-magnetism layer is set to less than 2 Oes, since it will become of the same 
rade as coercive force and linear MR change curve centering on zero magnetic field will no longer be obtained 
ibstantially, the property as a MR element deteriorates. Moreover, when larger [ than 20Oe(s) ] and this film is 
jplied to an MR head etc., an output tends to decline and resolution falls. These Hk(s) are obtained here by 
npressing the magnetic field of 10-300Oe as an external magnetic field at the time of membrane formation. Although 
1 effect does not change even if an external magnetic field exceeds 300Oe rather than is [ and ] enough to carry out 
iduction of the Hk in 10 or less Oes, it becomes large, costs also increase and the coil for magnetic field generating is 
lefficient-like. 

)072] Also let what carried out the repeat laminating of the magnetic multilayer 1 mentioned above, respectively be a 
lagnetoresistance-effect element. What is necessary is for there to be especially no limit in the number of times n of a 
jpeat laminating of a magnetic multilayer, and just to choose suitably according to the magnetic-reluctance rate of 
lange made into the purpose. It is so good that all the thickness of a magnetic multilayer is thin in order to correspond 
• the super-densification of the magnetic recording of these days. However, if it becomes thin, although the MR effect 
ill usually become small simultaneously, the magnetic multilayer used for this invention can obtain the multilayer 
•hich can be equal to practical use enough, even when the number of times n of a repeat laminating is 1 . Moreover, 
though resistance rate of change also increases as the number of laminatings is increased, it is desirable to usually 
lake n or less into ten fi-om productivity becoming bad, resistance of the whole element becoming low too much, if n 
still too larger, and practical inconvenience arising. The desirable ranges of n are 1 -5. 

)073] Membrane formation of each class of the aforementioned magnetic multilayer 1 is performed by methods, such 
5 the ion beam spatter mettiod, the sputtering method, a vacuum deposition, and a molecular beam epitaxy method 
v4BE). It is desirable that set the ultimate-pressure force in vacuum membrane formation equipment to 1x10 to 7 or 
:ss Torrs, and the water and the oxygen tension under membrane formation form membranes in the atmosphere of 
xlO to 7 or less Torrs on the occasion of membrane formation of the magnetic multilayer 1 (facing membrane 
)rmation of the ferromagnetic layer 40 and the pinning layer 50 especially). By setting up such membrane formation 
Dnditions, improvement in the switched connection magnetic field Hua can be realized, and it is desirable, it 
lentioned above as a substrate 5 ~ as ~ glass, silicon, MgO, GaAs, a ferrite, ARUTIKKU, and CaTi03 etc. ~ it can 
se As mentioned above on the occasion of membrane formation, the thing in a film surface for which the external 
lagnetic field of 10-300Oe is impressed to ** on the other hand at the time of soft-magnetism layer 20 membrane 
jnnation is desirable. Thereby, the anisoti-opy magnetic field Hk can be given to the soft-magnetism layer 20. In 
ddition, the impression method of an external magnetic field can control the impression stage of a magnetic field 
asily only at the time of soft-magnetism layer 20 membrane formation. For example, it may impress using equipment 
quipped with the electi-omagnet etc., and you may be the method which is not impressed at the time of pinning layer 
0 membrane formation. Or you may be the method of always impressing a fixed magnetic field through the time of 
lembrane formation. 

)074] Moreover, as mentioned above, the RF property should be fiirther excelled in the thing in a film surface which 
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1 external magnetic field is impressed to ** on the other hand, and is done for the induction of the anisotropy 
lagnetic field Hk at least at the time of membrane formation of the soft-magnetism layer 20. 

)075] Furthermore, in case the pinning layer 50 is formed, it is good to impress a magnetic field to the direction and 
3rpendicular direction of an impression magnetic field at the time of forming the soft-magnetism layer 20. That is, it 
in the film surface of a magnetic multilayer, and becomes measurement current and the right-angled direction. The 
ze of the magnetic field impressed here should just be in the range of 1 0-300Oe. Thereby, the direction of 
lagnetization of the ferromagnetic layer 40 can fix certainly by the pinning layer 50 in the direction of an impression 
lagnetic field (measurement current and the right-angled direction), and an anti-parallel state can be most rationally 
lade with the magnetization of the soft-magnetism layer 20 which can change the sense easily by the signal magnetic 
eld. The direction of the magnetic field impressed in case this forms not a requirement but an antiferromagnetism 
yer, and in case a soft-magnetism layer is formed may be the same direction most. At this time, after membrane 
)rmation of a magnetic multilayer, it is in process, and it is good to lower temperature, impressing a magnetic field in 
le direction of a strip-of-paper shorter side (the direction and perpendicular direction of an impression magnetic field 
: the time of forming the soft-magnetism layer 20), in case heat treatment of about 200 degrees C is perfonned. 
)076] Next, invention of the magnetoresistance-effect element 3 equipped with the magnetic multilayer 1 explained in 
le mode of the aforementioned implementation was developed, the path for which an electron flows was examined in 
5tail, and it resulted in invention of a magnetic sensing elemrait. A magnetic sensing element here is the thing of the 
Tge concept which more specifically contains a magnetoresistance-effect type head (MR head), MR sensor, a 
aromagnetic memory device, an angle sensor, etc. coming [ a magnetoresistance-effect element, an electric 
induction film, and the electrode section ]. Moreover, a spin valve head equipped with the magnetic multilayer which 
lows the huge magnetoresistance effect (GMR), and an MR head equipped with the magnetic multilayer which shows 
le anisotropy magnetoresistance effect (AMR) are contained in the magnetoresistance-effect type head (MR head) in 
lis invention. 

)077] Here, as an example of a magnetic sensing element, the spin valve head in a magnetoresistance-effect type head 
vlR head) is taken and mentioned, and is explained hereafter. 

)078] As shown in drawing 4 , the magnetoresistance-effect type head (MR head) 150 has the electrode section 
30,100 formed in the both ends 200a and 200a of the magnetoresistance-effect element 200 as a magnetic sensitive 
art of a magnetosensitive **** sake, and this magnetoresistance-effect element 200 in the signal magnetic field. And 
{ for the edges 200a and 200a of the magnetoresistance-effect element 200 as a magnetic sensitive part, it is desirable 
. connect in the state where the whole both ends touch the electrode section 100,100. in addition, a conductor ~ the 
Im 120,120 has flowed with the magnetoresistance-effect element 200 through the aforementioned electrode section 
30,100 in order to give next explanation intelligible in this invention ~ for convenience ~ a conductor ~ although 
ivided into a film 120 and the electrode section 100 ~ a conductor ~ a film 120 and the electrode section 100 are 
»rmed in many cases by the thin film forming method in one originally, and these [ one ] may consider them to be a 
lember 

)079] The thing of the same laminated structvire is substantially used with the magnetoresistance-effect element 3 
hich has the magnetic multilayer 1 the magnetoresistance-effect element 200 as a magnetic sensitive part in an MR 
sad is indicated to be to aforementioned drawing 1 . The magnetoresistance-effect element 200 is replaced by the 
lagnetoresistance-effect element 3 which has the magnetic multilayer shown in drawing 1 . namely, consequently, the 
lagnetoresistance-eflfect element 200 The non-magnetic metal layer 30 and the ferromagnetic layer 40 formed in one 
eld of the non-magnetic metal layer 30, It has the soft-magnetism layer 20 formed in the field of another side of the 
jn-magnetic metal layer 30, and the pinning layer 50 formed on the ferromagnetic layer 40 (the field which touches 
le non-magnetic metal layer 30, and field of an opposite side) in order to carry out pinning of the sense of 
lagnetization of the aforementioned ferromagnetic layer 40. 

)080] The magnetoresistance-effect element 200 which formed the important point as mentioned above here is the 
Dint that a so-called spin bulb type magnetic-reluctance change is shown. The ferromagnetic layer 40 formed in one 
eld of the non-magnetic metal layer 30 and the non-magnetic metal layer 30 with a spin bulb type magnetic- 
;luctance change, In the magnetic multilayer which has the soft-magnetism layer 20 formed in the field of another 
de of the non-magnetic metal layer 30, and the pinning layer 50 formed on the ferromagnetic layer in order to cany 
at pinning of the sense of magnetization of the aforementioned ferromagnetic layer 40 The thing which the angle 
hich the spin of the ferromagnetic layer 40 by which pinning was carried out to the soft-magnetism layer 20 
icomplishes when an external signal magnetic field is 0 sees fi-om an acute angle and by which a setup is carried out 
lostly soon at 90 degrees is said. In practice, although it is the angle of 45 - 90 degrees in many cases, it is good to set 
as 90 degrees (orthogonalization of magnetization) preferably especially. It is for making it a magnetoresistance- 
ffect curve (MR curve) serve as right-and-left asymmetry to the external magnetic field of plus and minus focusing on 
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le time of an external magnetic field being 0. 

)081] In order to attain orthogonalization of this magnetization, it is necessary to perform a vacuum heat treatment for 
le magnetic multilayer 1 all over a magnetic field above the blocking temperature Tb of the pinning layer 50. This 
rocessing is called orthogonalization heat treatment and the temperature at this time is called orthogonalization 
mperature. It is realizable also by making it orthogonalize beforehand in the magnetic field impressed during 
lembrane formation. However, the rectangular state will be disturbed by the unescapable heat received in a 
ibsequent head manufacture process. Therefore, it is good to perform orthogonalization heat treatment at the last of a 
sad manufacture process preferably. It is desirable in the case of this orthogonalization heat treatment to change only 
le magnetization direction of the pinning layer 50. This orthogonalization temperature is higher than the blocking 
mperature Tb, and it is desirable that it is lower than the temperature to which the induced-magnetism different 
irectivity of the soft-magnetism layer 20 disappears. Therefore, if orthogonalization heat treatment is performed when 
le blocking temperature Tb is higher than the temperature to which the induced-magnetism different directivity of the 
)ft-magnetism layer 20 disappears, the magnetization direction of the soft-magnetism layer 20 will tum into the 
irection of an easy axis to an external magnetic field, and a problem will arise in linearity with a hysteresis at the 
lagnetoresistance-effect curve to an external magnetic field. Moreover, when the blocking temperature Tb is too lower 
lan the temperature to which the induced-magnetism different directivity of flie soft-magnetism layer 20 disappears, 
egradation of the switched connection magnetic field Hua arises with MR sensor working in a magnetic-recording 
>^stem, and the temperature added at the time of a spin valve-head production process, and there is a problem that it 
innot fiinction as a spin bulb film. That is, it is desirable to form the pinning layer 50 which has the blocking 
imperature Tb in temperature somewhat lower than the temperature to which the induced-magnetism different 
irectivity of the soft-magnetism layer 20 disappears, and to perform orthogonalization heat treatment. In this 
ivention, selection of the blocking temperature Tb of the range of 160-400 degrees C is attained by setting up suitably 
ithin limits which mentioned composition of the pinning layer 50 above. Orthogonalization heat treatment is 
erformed in about 150-410 degrees C. 

)082] While the shield layer 300,300 is formed so that the magnetoresistance-effect element 200 and the electrode 
action 100,100 may be inserted into the magnetoresistance-effect type head (MR head) 150 up and down as shown in 
rawing 4 , the nonmagnetic insulating layer 400 is formed in the portion between the magnetoresistance-effect 
lement 200 and the shield layer 300,300. 

)083] As for the ferromagnetic layer 40 used for the magnetoresistance-effect element 200 as a magnetic sensitive 
art here, the non-magnetic metal layer 30, the soft-magnetism layer 20, and the pirming layer 50, it is desirable to use 
^hat was stated in the example of the aforementioned magnetic multilayer, and the thing of the same quality of the 
laterial and thickness, respectively, 

)084] As shown in drawing„4 , the electrode section 100 which passes current is made into the structure where edge 
00a and the whole 200a touch in the direction of a laminating of the magnetoresistance-effect element 200. Then, an 
lectron flowing focusing on the portion pinched by the soft-magnetism layer 20 and the ferromagnetic layer 40, 
lagnetic scattering is carried out by the direction of the spin of the soft-magnetism layer 20 and the ferromagnetic 
lyer 40, and resistance of an element changes a lot. Therefore, change of a minute extemal magnetic field is detectable 
s change of big electric resistance. 

3085] Magnetization rotation of the soft-magnetism layer 20 specifies the standup portion of MR curve. In order to 
btain die standup of steeper MR curve, it is desirable for the soft-magnetism layer 20 to change the sense of the 
lagnetization by magnetization rotation completely to a signal magnetic field. However, a magnetic domain will occur 
1 the soft-magnetism layer 20 in practice, and magnetic-domain-wall movement and magnetization rotation will take 
lace simultaneously to a signal magnetic field. The Barkhausen noise occurred and the MR head property had stopped 
onsequently, stabilizing. 

3086] Then, wholeheartedly, as a result of advancing research, the artificer etc. checked that the improvement of the 
bove-mentioned noise was achieved by making the hard magnetism layer 500 for connection with a thickness of 
Onm it is thin from CoPtCr intervene, respectively between the electrode sections 100 for passing the 
lagnetoresistance-effect element 200 and measurement current which are a magnetic sensitive part, as shown in 
ramsfi_5 . Of course, the whole edges 200a and 200a of the hard magnetism layer 500 for connection and the 
lagnetoresistance-effect element 200 are connected in the state of contacting the hard magnetism layer 500 for 
onnection, in this case. The hard magnetism layer 500,500 for connection which adjoined the magnetoresistance- 
fifect element (magnetic multilayer) and was formed contacts magnetically the soft-magnetism layer which constitutes 
le magnetic multilayer directly. This added hard magnetism layer 500 for connection brings the magnetic domain of 
le soft-magnetism layer in a magnetic multilayer close to single magnetic-domain structure, and has die effect which 
tabilizes magnetic-domain structure. Consequently, to a signal magnetic field, the soft-magnetism layer in a magnetic 
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altilayer can operate in magnetization rotation mode, and can acquire a good property without a noise, in addition, 
5 electrode section 100 - Ta, Cu, W, Ti, and Au - a simple substance - or it is made to compoimd and a monolayer 
multilayer structure is adopted 

087] Moreover, an MR head equipped with the spin bulb film of the invention in this application has especially the 
sirable thing to consider as head structure as shown in drawing 6 . That is, the soft-magnetism layer 520 for 
nnection and the antiferromagnetism layer 800 (or hard magnetism layer 800) are made to intervene one by one from 
s magnetoresistance-effect element 200 side like illustration between the electrode sections 100 for passing the 
agnetoresistance-eflfect element 200 and measurement current which are a magnetic sensitive part, and the soft- 
agnetism layer 520 for connection and the antiferromagnetism layer 800 (or hard magnetism layer 800) - on the 
her hand — one end ~ a part of up 200a (direction near a soft-magnetism layer) of the magnetoresistance-effect 
sment 200 a wrap - like, like illustration, up to the electrode section 100 undersurface 101, another side one end is 
dden and is formed Furthermore, the edge 102 located in the head central site of the electrode section 100 is formed 
that a part of up 200a (direction near a soft-magnetism layer) of the magnetoresistance-effect element 200 may be 
»vered and the up edges 520a and 800a of the soft-magnetism layer 520 for connection and the antiferromagnetism 
yer 800 may also be covered, respectively. In addition, as a soft-magnetism layer 520 for connection, NiFe, NiFeCr, 
iFeRh, NiFeRu, CoZrNb, FeAlSi, FeZrN, etc. are used, for example (about lOnm in thickness), as the 
itiferromagnetism layer 800 - Ru5 Rhl5Mn, NiMn, FeMn, PtMn, and alpha-Fe 203 etc. (about 50nm in thickness) 
c. ~ it is used and CoPt, CoPtCr, etc. are used as a hard magnetism layer 800 (about 50nm in thickness) 
088] By considering as such composition, the effect of both the soft-magnetism layer 520 for connection formed in 
e magnetoresistance-effect element 200 and the antiferromagnetism layer 800 can give vertical bias very efficiently, 
id the MR head property which suppressed the Barkhausen noise is acquired. Moreover, by forming the edge 102 of 
e electrode section 100 so that the magnetoresistance-effect element 200 may be covered as mentioned above, there 
no fall of the signal magnetic field in an element edge, and an MR head with easy formation of the ** width of 
cording track following 1 micrometer can be offered. 

•089] When manufacturing these MR heads, heat treatment of baking, annealing, a resist cure, etc. is unescapable in 
e manufacturing process at patterning, flattening, etc. 

»090] Generally, with the magnetoresistance-effect element which has an above-mentioned magnetic multilayer, the 
ickness reason of each class to constitute and thermal resistance became a problem in many cases. With the 
agnetoresistance-effect element (magnetic multilayer) by this invention, a magnetic field is impressed and, generally 
)0 degrees C or less can respond to 100-300 degrees C and heat treatment of about 1 hour enough after film 
oduction by giving an anisotropy magnetic field to a magnetic layer. Although what is necessary is just to usually 
^rform heat treatment by the air middle class among a vacuum and inert gas atmosphere, the very few 
agnetoresistance-effect element (magnetic multilayer) of property degradation is obtained by carrying out especially 
. the vacuum (under reduced pressure) of 10 to 7 or less Torrs. Moreover, also in wrapping and polishing in a 
-ocessing process, MR property hardly deteriorates. 

)091] In the magnetoresistance-effect element and the magnetic sensing element which have been mentioned above, 
though explained taking the case of the film (spin valve head) of the spin bulb type in which the huge 
lagnetoresistance effect (GMR) is shown, this invention is applied to the film in which the anisotropy 
lagnetoresistance effect (AMR) is shown, i.e., the MR head using the pemialloy. 

)092] The soft-magnetism layer as which the MR head using this permalloy fiinctions as a horizontal bias layer on a 
ibstrate (soft film bias layer), Magnetoresistance-effect layers which function as a nonmagnetic detached core, such 
5 a non-magnetic metal layer and a permalloy (ferromagnetic layer). It has the antiferromagnetism layer (pinning 
lyer) for fixing magnetization, applying vertical bias to a magnetoresistance-effect layer (pinning being carried out) 
ne by one, and the composition of a magnetic multilayer itself is the same as that of the film of the spin bulb type 
lentioned above. The same is said of the operation of an antiferromagnetism layer (pinning layer). As a soft- 
lagnetism layer, at least one sort is contained out of Rh, Cr, Ta, Nb, Zr, and Hf into a NiFe alloy, and the big soft 
lagnetic materials of specific resistance, such as the layer which functions as a horizontal bias layer, for example, 
'oZrMo, and NiFeRh, are used. A non-magnetic metal layer is Ta, Ti, and aluminum 203. Or Si02 In a shell, it 
mctions as a nonmagnetic detached core. As an antiferromagnetism layer (pinning layer), the thing of composition 
athin the limits of this invention mentioned above is used. He can understand the form of this operation still more 
learly according to the example mentioned later, 
3093] 

Example] The concrete example shown below explains further invention of the magnetoresistance-effect element 
lentioned above, and invention of a magnetic sensing element (for example, MR head) using these to a detail. 
3094] an example 1 - the multilayer as shown in drawing 7 was first produced as a trial production sample for 
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ivestigating the size of the switched connection magnetic field Hua That is, the sample which consists of composition 
•hich earned out the laminating of the ground layer 7, the ferromagnetic layer 40, the antiferromagnetism layer 50 
ad the protective layer 80 one by one on the glass substrate 5 was produced (composition of a concrete sample etc! is 
lentioned later). This sample was produced by RF spatter and the DC magnetron-sputtering method, gave the 
uidance magnetic field in the fixed direction at the time of membrane formation, and performed membrane formation 
11 over a magnetic field. The switched connection magnetic field Hua was used the oscillating sample type 
lagnetometer (VSM), drew the magnetization curve in the magnetic field of IKOe, and asked for it fi-om tiiis 
lagnetization curve. The example of representation of tiie magnetization curve measured using the oscillating sample 
'pe magnetometer (VSM) is shown in drawing 8 , and, in the magnetization curve A, tiie direction of an easy axis 
iirection which impressed the magnetic field at the time of membrane formation), and tiie magnetization curve B 
low tiie direction of hard axis in tiiis drawing. As shown in drawing 8 , tiie magnetic field of E points (middle of C 
omts and D pomts) which tiie magnetization curve of tiie direction of an easy axis had shifted from tiie zero 0, and 
ufted from Zero F by tfie switched connection magnetic field Hua is defined as Hua. 

)095] In tiie stiuctiire shown in drawing 7 , tiie sample which carried out the laminating of tiie ground layer 7 (5nm in 
uckness [ Ta; ]), the ferromagnetic layer 40 (lOnm in thickness [ NiFe; ]), the antifeiromagnetism layer 50 (15nm m 
uckness [ Rux Mn 100-x; ]) as a pinning layer, and the protective layer 80 (5nm in thickness [ Ta; ]) one by one from 
le subsfrate side on tiie glass substi-ate 5 was produced as a concrete sample. In addition, if in charge of sample 
reduction, it is Rux Mn 1-x of flie antiferromagnetism layer 50. Two or more samples which changed various 
imposition ratios were produced, while searching for the switched connection magnetic field Hua about each sample, 
le value of tiiis switched connection magnetic field Hua was converted into the value of tiie switched connection 
aergy Jk, and tiie relation between tiie value of obtained Jk and Ru content of flie antiferromagnetism layer 50 was 
lown in drawing 9 . The result shown in drawing_9 shows tiiat tiie content ratio x (a unit is atomic %) of Ru shows 
5<=x<=30 and a result desirable and good in 18<=x<=27. 

)096] In addition, tiie result of tiie X diffraction of Ru23Mn77 film is shown in drawing 10 , and tiie peak of tiie 
imposition which shows the composition concerned was checked. 

)097] In tiie sti^cture shown in example 2 drawing 7 , flie sample which carried out tiie laminating of tiie ground layer 
(5nm in tiiickness [ Ta; ]), tiie ferromagnetic layer 40 (lOnm in tiiickness [ NiFe; ]), tiie antiferromagnetism layer 50 
15nm m tiiickness [ Rux Rhy Mnz; ]) as a pinning layer, and tfie protective layer 80 (5nm in tiiickness [ Ta; ]) one by 
ne from the substrate side on the glass substi-ate 5 was produced as a concrete sample. In addition, if in charge of 
miple production, it is Rux Rhy Mnz of tiie antiferromagnetism layer 50. Two or more samples which changed 
arious composition ratios (x, and y and z are atomic %, respectively) were produced, tiie switched connection 
lagnetic field Hua was searched for about each sample, and the distribution map of tiie switched connection magnetic 
eld Hua in 3 original drawings of Ru-Rh-Mn as shown in drawin g 1 1 was created. 

)098] Rux Rhy Mnz shown in drawing 1 1 3 original drawings show fliat a suitable result is obtained in the range of 
<=x<=30, l<=y<=30, 69<=z<=90, and 10 <=x+y<=31 (the unit of x, and y and z is atomic %) and l<=x<=59, 
<-y<-59, 40<=z<=58, and 42 <=x+y<=60. Moreover, by adding Rh or Ru as the 3rd component to tiie 2 yuan system 
f Ru-Mn or Rh-Mn, Hua can be raised and a bird clapper understands the good composition range of Hua broadly 
Dmpared with a system for 2 yuan. 

)099] Furthermore, it changed into above Rh of a 3 yuan system, and even if it was tiie case where at least one sort 
[losen from Rh, Pt, Pd, Au, Ag, and Re was used, it was checked tiiat the good result of 3 yuan shown in drawing 1 1 is 
btained like a system. 

)100] Subsequentiy, according to tiie creation point of drawing 1 1 , tiie distiibution map of tiie blocking temperatiire 
b in 3 onginal drawings of Ru-Rh-Mn was created. The result is shown in drawing 12 . Rux Rhy Mnz of drawing 12 
original drawings show tiiat tiie very high blocking temperatiire Tb (about 160-325 degrees C) is obtained in the 
mge of l<=x<=30, l<=y<=30, 69<=z<=90, and 10 <=x+y<=31 (the unit of x, and y and z is atomic %) and 

l<-y<=59, 40<=z<=58, and 42 <=x+y<=60. If a reverse view is carried out, it is possible to control tiie 
locking temperatijre Tb in tiie above-mentioned composition range at 160-325 degrees C. In addition, tiie result of tiie 
: diffraction of Ru22Rh8 Mn70 film is shown in drawing 13 , and tiie peak which shows tiie composition concerned 
'as checked. 

)101] In tiie stiTichire shown in example 3 drawing , tiie sample which carried out tiie laminating of tiie ground layer 
(5nm in tiiickness [ Ta; ]), tiie ferromagnetic layer 40 (lOnm in tiiickness [ nickel81Fel9; ]), tiie antiferromagnetism 
lyer 50 (15nm in thickness [ Rux My Mnz; ]) as a pinning layer, and the protective layer 80 (5nm in tiiickness [ Ta; ]) 
ne by one from tiie substi-ate side on tiie glass substiate 5 was first produced as a concrete sample. In addition if in 
harge of sample production, it is Rux Rhy Mnz of tiie antiferromagnetism layer 50. Two or more samples which 
hanged various composition ratios were produced, and it asked for tiie temperatiire coefficient (Tc) of tiie switched 
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innection magnetic field Hua, the blocking temperature Tb, the switched connection energy Jk, and switched 
)nnection energy about each sample, respectively. A result is shown in the following table 1. 
'102] 
'able 1] 
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I addition, it sets to the above-mentioned table 1, and is Rux My Mnz. The corresponding material element is 
(pressed as (ml, m2, m3). By using the pinning layer (antiferromagnetism layer) which consists of predetermined 
)mposition of this invention within the limits shows that a good switched connection film can be offered from the 
ssult shown in Table 1 . 

)103] Furthermore, it added to the sample shown in the above-mentioned table 1, the sample which changed the 
inning layer of 4 yuan into RulORhS Pt5 Mn80 of a system was produced, and the same characterization as the above 
as carried out. Consequently, it was temperature coefficient (Tc) —7x10-4 erg/cm2 ** of switched connection 
lagnetic field Hua=150Oe, blocking temperature Tb=260 degree C, switched connection energy Jk=0.12 erg/cm2, and 
vitched connection energy. 

)104] Moreover, about the sample 1-3 in the above-mentioned table 1, the relation between the switched connection 
lergy Jk and temperature was investigated, and the graph was shown in drawing 14 . The graph at the time of 
ranging a pinning layer (antiferromagnetism layer) into a Fe-Mn system (1 5nm in thickness) as an example of 
Dmparison was also written together. The graph shown in drawing 14 shows that the very big blocking temperature Tb 
i50 degrees C) is shown, even if the sample of this invention compares with a Fe-Mn system (Tb=150 degree C of a 
e-Mn system). Furthermore, its attention is paid to the inclination (temperature coefficient Tc) of the graph of the 
A^itched connection energy Jk and ambient temperature. The temperature coefficient Tc in 80 degrees C - 130 degrees 
' of what shows the thermal stability to ambient temperature and used FeMn for the antiferromagnetism layer is - 
.6x10-4 erg/cm2 **, and, as for this temperature coefficient Tc, the temperature coefficient Tc of a sample 1-3 is 
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3wn by that become -5.1x10-4 erg/cm2 **, and the sample 1-3 is excellent in theraial stability. Asking for the 
iperature coefficient in 80 degrees C - 1 30 degrees C assumes the ambient temperature at the time of using an MR 
id within a hard disk drive. 

05] In the example 4 above-mentioned example 3, it faced forming RulORhlOMnSO film as a pinning layer 
itiferromagnetism layer) shown in a sample 1-3, and various atmosphere conditions at the time of membrane 
mation were changed, the sample was produced (sample No.2-1- sample No.2-7), and the influence high impurity 
icentration affects the property of a magnetic film was investigated. Furthermore, while changing various 
Tiposition of a pinning layer (antiferromagnetism layer), various atmosphere conditions at the time of membrane 
mation were changed, the sample was produced (sample No.2-8- sample No.2-32), and the influence high impurity 
ncentration aflfects the property of a magnetic film was investigated. A result is shown in the following table 2. 
106] 
able 2] 
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he result shown in the above-mentioned table 2 shows that the blocking temperatxire Tb, the switched connection 
nergy Jk, and a switched connection energy Jk inclination deteriorate, respectively as the concentration of oxygen, 
arbon, sulfur, or chlorine becomes high. Therefore, below the 5000 atom ppm, an oxygen density needs to carry out 
onditioning of carbon, sulftir, and the level of chlorine so that it may become below the 5000 atom ppm, respectively. 
D107] In the example 5 above-mentioned example 3, it faced forming RulORhlOMnSO film as a piiming layer 
antiferromagnetism layer) shown in a sample 1-3, and various each conditions, such as ultimate-pressure force in 
lembrane formation equipment and oxygen tension at the time of membrane formation, were changed, the sample was 
roduced, and the influence these flow and pressure requirements affect the property of a magnetic film was 
ivestigated. A result is shown in the following table 3. 
0108] 
Table 3] 
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he result shown in the above-mentioned table 3 shows that the blocking temperature Tb, the switched connection 
lergy Jk, and a switched connection energy Jk inclination deteriorate, respectively as the ultimate-pressure force and 
?cygen tension go up. Therefore, it is necessary to form membranes on the conditions which fully lowered the 
Itimate-pressure force and oxygen tension (and water partial pressure) (the water and the oxygen tension under 
lembrane formation 1x10 -7 or less Torrs). [ Ultimate-pressure force : less than / 1x10-7 Torrs /; ] 
)109] The spin bulb type magnetoresistance-effect element of the gestalt shown in example 6 drawing 1 was 
roduced. That is, on the substrate 5 (aluminum! 03 AlTiC of a with), the laminating of the ground layer 7 (5nm in 
lickness [ Ta; ]), the soft-magnetism layer 20, the non-magnetic metal layer 30 (2.5nm in thickness [ Cu; ]), the 
jrromagnetic layer 40, the pinning layer (antiferromagnetism layer) 50, and the protective layer 80 (5nm in thickness 
Ta; ]) was carried out one by one, and the element sample was produced. On the occasion of production of an element 
imple, the material and layer thickness of the soft-magnetism layer 20, the ferromagnetic layer 40, and the pinning 
lyer 50 were changed, as shown in the following table 4, and various samples were produced. In sample production, 
le impression magnetic field at the time of membrane formation was made into the longitudinal direction of a sample, 
bout such a sample, it asked for MR rate-of-change deltaR/R, the switched connection magnetic field Hua, and the 
locking temperature Tb, respectively. A result is shown in the following table 4. In addition, the resistance 
leasurement created the sample with a configuration of 0.4x6mm from the sample of composition of being shown in 
able 4, and it measured the resistance at the time of making it change to -300-300Oe by 4 terminal method, applying 
.1 extemal magnetic field so that it may become current and a perpendicular direction in a field. MR rate-of-change 
eltaR/R was calculated from the resistance. MR rate-of-change deltaR/R is rhosat about rhomax and the minimum 
jecific resistance in the maximum specific resistance. :deltaRyR=(rhomax-rhosat) xl00-/rhosat which was carried out 
id was calculated by the following formula (%). 
)110] 
, fable 4] 
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he sample of this invention shows good MR rate of change, the switched connection magnetic field Hua, and the 
locking temperature Tb fi*om the result shown in Table 4. Since a pinning layer consists of FeMn, the sample 4-10 
hich is an example of comparison does not have the low [as 145 degrees C ] desirable blocking temperature Tb. 
loreover, although not shown in a table, there is a problem also in corrosion resistance. Although the sample 4-11 
hich is an example of comparison shows the switched connection magnetic field Hua and a value with the good 
locking temperature Tb, since a pinning layer consists of NiMn and the switched connection magnetic field Hua is 
roduced, heat treatment decreases with temperature high for a long time, MR rate of change decreases by diffusion of 
yes nickel and Cu a required hatchet, and MR rate of change is not low [ as 2.9% ] desirable. 

)1 1 1] The antiferromagnetism thin film of the composition shown in the following table 5 was directly formed on tiie 
lass substrate of 710x20mm of examples at 100-150A thickness, and the sample for corrosion-resistant evaluation 
as produced. About each sample shown in Table 5, Ag/AgCl was made into the reference electrode and the natural 
lectrode was measured using what added NaCl of 1mm mol in the boric-acid buffer solution as a solution (corrosion- 
jsistant anode polarization examination). A result is shown in the following table 5. 
)112] 
fable 5] 
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s for this invention sample, the result shown in Table 5 shows that a rest potential shows -150-40mV and shows 
)od corrosion resistance altogether. 

»1 13] Generally, noble metals serve as a positive rest potential, and are excellent in corrosion resistance. The 
jrmalloy said to excel in corrosion resistance comparatively on the other hand is also about -150mV. FeMn of the 
cample of comparison serves as about -700mV and a quite big value to negative. In Table 5, it can be said that it 
ccels in corrosion resistance, so that it is close to OmV. 

H 14] The anisotropy magnetoresistance-effect (AMR) type magnetoresistance-effect type head as [ shown in drawing 
5 ] was actually produced in the eight or less-example way. 

1115] First, aluminum 203 The magnetic layer which is a lower shield on the AlTiC substrate 5 in which the ground 
Im was formed on the front face, and aluminum 203 The laminated circuit board which formed the gap film one by 
le was prepared. Subsequently, as a soft-magnetism layer 20 for giving horizontal bias on this laminated circuit board 
: MR element, as NiFeRh (17nm in thickness), and a non-magnetic metal layer (nonmagnetic detached core) 30, it 
as carried out by NiFe (25nm in thickness) as Ta (lOnm in thickness), and a ferromagnetic layer (magnetoresistance- 
Jfect layer) 40, and the laminating of the Ta (5nm in thickness) was carried out one by one by thin film coating 
ichnologies, such as magnetron sputtering, as a protective layer 80. 

)1 16] Subsequently, after making a photoresist adhere on a protective layer 80, a pattem which protects the central 
:tive-region Wl top corresponding to the width of recording track mostly was formed, and etching removal of the 
ige passivity field W2 and W3 by which a mask is not carried out was carried out by the reverse spatter and the 
lethod of ion milling after an appropriate time. At the time of this etching processing, the protective layer 80 and a 
ttle ferromagnetic layer (magnetbresistance-effect layer) 40 were removed. Then, Rul5Rh5 Mn80 and the electrode 
lyer 100 as a pinning layer (antiferromagnetism layer) 50 were formed. The lift-off process removed the resist film 
fter formation of the pinning layer (antiferromagnetism layer) 50 and the electrode layer 100, and the fabric- 
nisotropy magnetoresistance-effect (AMR) type magnetoresistance-effect type head as [ shown in drawing 15 ] was 
roduced. In addition, although not shown in drawing 15 , it is aluminum 203. The inductive head section was formed 
irough the gap film on the up shield layer, the lower shield layer, and also the up shield layer. 

)1 17] The anisotropy magnetoresistance-effect (AMR) type magnetoresistance-effect type head as [ as a modification 
f the example 9 above-mentioned example 8, actually shown in drawing 16 in the following points ] was produced. 
3118] First, aluminum 203 On the AlTiC substrate 5 formed in the front face, a ground film As a soft-magnetism 
lyer 20 for giving horizontal bias to MR element, NiFeRh (17nm in thickness). As a non-magnetic metal layer 
lonmagnetic detached core) 30, as Ta (lOnm in thickness), and a ferromagnetic layer (magnetoresistance-effect layer) 
0 NiFe (25nm in thickness), The laminating of the Ta (5nm in thickness) was carried out one by one by thin film 
Dating technologies, such as magnetron sputtering, as Rul5Rh5 Mn80 (20nm in thickness) as a pinning layer 
antiferromagnetism layer) 50, and a protective layer 80. 

3119] Subsequenfly, after making a photoresist adhere on a protective layer 80, a pattem which protects the central 
ctive-region Wl top corresponding to the width of recording track mostiy was formed, and etching removal of the 
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Ige passivity field W2 and W3 by which a mask is not carried out was carried out by the reverse spatter and the 
ethod of ion milling after an appropriate time. At this time, the Hft-off process removed the resist film after forming 
BATTO junction structure and forming the electrode layer 100 in the edge removed by milling etc. after that, and the 
bric-anisotropy magnetoresistance-effect (AMR) type magnetoresistance-eflfect type head as [ shown in drawing 16 ] 
as produced. In addition, although not shown in drawing 16 , it is aluminum 203. The inductive head section was 
rmed through the gap film on the up shield layer, the lower shield layer, and also the up shield layer. 
120] The spin bulb (SV) type magnetoresistance-effect type head as [ shown in drawing_6 ] was actually produced in 
e ten or less-example way. 

•121] First, the spin bulb type magnetoresistance-effect element was produced to the beginning. On a substrate 5 
luminum2 03 AlTiC of a with), namely, the ground layer 7 (5nm in thickness [ Ta; ]), The soft-magnetism layer 20 
nm in thickness [ NiFe; ]), the non-magnetic metal layer 30 (2.5nm in thickness [ Cu; ]), The laminating of the 
rromagnetic layer 40 (3nm in thickness [ Co; ]), the pinning layer (antiferromagnetism layer) 50 (lOnm in thickness 
.^ulORhlOMnSO; ]), and the protective layer 80 (5nm in tiiickness [ Ta; ]) was carried out one by one, and the 
ement sample was produced. In addition, in this element sample, it is aluminum 203. The up shield layer and the 
wer shield layer are formed through the gap film. 

122] The inductive head section as shown in this element sample at drawing j5 was formed, namely, - connection ~ 
' - a soft magnetism - a layer - 520 - ****** - NiFe - thickness - ten - nm ~ forming - this - connection - ** 
a soft magnetism - a layer - 520 - a top - antiferromagnetism - a layer - 800 - ****** « Ru - five - Rh ~ 15 ~ 
[n - 20 - thickness ~ ten - nm - forming - this - a top - further ~ Ta - fi-om - becoming ~ an electrode ~ the 
:ction -- 100 - forming - drawing. 6 - being shown Then, in the vacuum of 10-7Torr, it cooled from 200 degrees C, 
ipressing the magnetic field of 200Oe(s) to the direction of measurement current, a right angle, and field inboard, and 
duction of the pinning effect of a ferromagnetic layer was carried out. The width of recording track of a 
agnetoresistance-effect type head could be 2 micrometers. MR element height at this time set 1 micrometer and 
rising current to 4mA. 

1123] The graph as shown to things and drawing 17 that it investigated the relation between an impression magnetic 
3ld and output voltage was obtained using this magnetoresistance-effect type head. Although this graph was obtained 
ring the head of the type which does not form the up-and-down shield layer, it has good linearity and has checked that 
was a transfer curve without a Barkhausen noise with the high output. 

1124] The example which applied the magnetoresistance-effect element of this invention to the yoke type MR head is 
lown in example 1 1 dmwing. l 8 . Here, notching is prepared in some yokes 600,600 to which magnetic flux is led, 
id flie magnetoresistance-effect element 200 is formed through the thin insulator layer 400 between them. The 
ectrode (not shown) for passing current is formed in the direction of a magnetic path, the parallel, or the right-angled 
rection formed in a yoke 600,600 at this magnetoresistance-effect element 200. 

1125] One example which applied the magnetoresistance-effect element in this invention to the flux guide type MR 
?ad is shown in example 12 drawing 19 . the magnetoresistance-effect element 200 - high specific resistance - high - 
it combines with the permeability flux guide layer 700,710 magnetically, and is formed This FURASSU guide layer 
30,710 conducts a signal magnetic field for the magnetoresistance-effect element 200 indirectly. Moreover, the flux 
ick guide layer 600 (recess path of the magnetic flux which passed along the magnetoresistance-effect element 200) 
formed through tiie nonmagnetic insulating layer 400. Moreover, the flux back guide layer 600 may be installed in 
le both sides of the magnetoresistance-effect element 200 through the nonmagnetic insulating layer 400. The feature 
Fthis head can make a magnetic field detecting element approach a record medium to the level almost near contact, 
id is to be able to obtain a high output. 
)126] 

Effect of the Invention] It is a book fi-om the above-mentioned result. Namely, this invention constitutes a pinning 
yer (antiferromagnetism layer) fi-om composition of a Ru-Mn system or a Ru-M-Mn system (at least one sort as 
hich M was chosen from Rh, Pt, Pd, Au, Ag, and Re). Since the high impurity concentration of a pinning layer is 
irthermore specified, it excels in corrosion resistance and thermal stability, and magnetic field sensitivity is high and 
ffer of magnetic sensing elements, such as a magnetoresistance-effect element for which MR rate of change has a 
lagnetic large multilayer, and a magnetoresistance-effect type head using it, can be realized. 
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pan Patent Office is not responsible for any 
xnages caus d by the use of this translation. 

rhis document has been translated by computer. So the translation may not reflect the original precisely, 
ic*** shows the word which can not be translated, 
[n the drawings, any words are not translated. 
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